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Description 

The present invention relates to a coated optical fiber prepared by co qflng an optical fiber with first an d 
se qond layers, and the process as well as the apparatus for fabricating the same. 
~ ^5 An opticai^ib^iJtilized for optical communlcatrarVsysterns has^ 

pm order and is a very fragile material. Thus, if such optical fibers are used without any reinforcement, they 
rupture at a very lower strength than the original strength (about 7 kg) thereof, because of friction or 
generation of surface damages djjring the fabricatio n or cable-manufacturing process of these optical 
fibers. Namely, it Is not possible to"7orm a transnklSSIon line with a high reliability. In this connection, there 
to is proposed a method for coating the surfac e of an optical fiber immediately after spinning thereo fwith a 
piactj^ ypatopjii in order to protect the surface of the optical fiber an d to maintain Initial stren gth thereof. 

Such plastic coating consists generally of a primary coating layer and a secondary laygfl'^tfiP TJrTmary 
coating layer is a buffer layer made of a material of a l ow Young's modulus and has purposes of 
rnaintaining initial strength of the optical fiber and to prevent increase in ^microbending loss of the fiber due 
IS to uneven secondary coating. On the other hand, the sec ondary coating layer is made of a thflimftplfl atin 
resin hav ing a higher Youn o^s modulus than that of the primary coating layer and has purposes to easily 
Tiandle optical fibers injtabUng or the like process therefor. 

, Heretofore, there have been proposed the following two types of coated optical fibers. One of the, two 
types is a coated optical fiber having a tight construction in which a p rihiary coating layer made,o f a 
V 20 tbgnaflsett l pg-resin such as silicone resin or the like adheres tightly to a sec ondary coatin g laver made of a 

) therr^Qpl^stic restn such as nylon, p olyamide resin or the lik e. Another type is a coated optical fi ber of loose 

tube type having such a construction that a primary coating layer made of a t hermosetting resin ^uc h as 
acr^Hsjfisins or the like is loosely held in a protective plastic tube (secondary coating layer) made of a 
tRermopIastic resin such as p olvethvlene terephthalate, polypropylene or the like . 
25 In either of the aforesaid tight and loose tube types of coated optical fibers, it Is required that primary 
coating layer adheres to the surface of an optical fiber in order to protect the optical fiber. Either of 
thermosetting and thermoplastic resfns is applicable to the coating of an optical fiber as described above. 
However, the materials which have heretofore been industrially employed are limited to th ermosett ing 
rgsjp s such as silicon e, ur ethane-acrylate, epoxy-acryjate^pr the like resin s. For the sake of coating an 
50 optical fiber with a thermosetHng resin as described above, aTToptlcal fiber immediately after spinning Is 
coated with such a resin by means of an applicator such as die or the like, and the resin thus coated is cured 
by heating or u ltraviolet-ray irradiation. 

However, such primary coating material of the thermosetting resin composition as described above 
and the coating method utilizing the coating material Involve some problems from a viewpoint of 
35 economization of optical fiber cables. The reasons follows. The first disadvantage resides in that costs of 
the coating materials are expensive. For example, sil jcone resin which has been widely ugad,33ja^prJmarv 
2??Ml9 ^?y^^^^ ^^^^ expensive by one figure than that or a thermopiastic resin which is generally used. 
The second "problem resides in that when a spinning rate of optical fibers increases, slip arises between 
coating materials and the optical fibers. Besides, these coating materials require two processes of coating 
4Q and curing. As a consequence, the optical fibers cannot be coated with such coating materials. In other 
words, use of these coating materials Is limited to a range wherein a coating rate thereof is comparatively 
.1- "\ low (100 m/mih or less in case of ihdustrial fabrication)rFuttherm^ 

transmission loss of the optical fiber coated with such type of materials as mentioned above i ncreases a t a 
low temperature of -60**C or less, because of an increase ofYoung's modulus in a material for the primary 
45 coating Iay.er1n^^^ of its crystallizing temperaHire of glass trarisitiort terriperature. 

"' On the other hand,^in case that a nylon layer is used as a secondary coating layer, a transmission loss 
Increases due to orientation relaxation or recrystallization of such nylon layer after the nylon layer is heated 

at a high temperature of +80Xju:j[]Qare. ^^-^^ 

As primary coating materials other than those described above, th ermopla stic resins such as ethylene- 
so vinyl acetate copolymer and the like have been proposed in combiri3tion with hot-melt method 
wherein a die for coating operation Is heated to melt EVA. In this case, however, there are the same 
problems as those of the materials described above. Besides, the latter materials and such hot-melt 
method are not suitable for coating optical fibers of continuous length at a high speed, since heating 
temperature is limited by heat stability of the resin used. 
55 As a method for coating a vyire materialyyith thermoplastic resin, use is generally made of an extrusi on 
cgflting method in Whkh an ex^ in a technical field of coatfiiig metall wire^^Ch as those used 

tor power line, communication line or the like. As a die-nipple construction of this case, there are two types, 
I.e., pressure type construction shown in Rg. 1 and tube type shown in Fig. 2. 

More specifically, Rgs. 1 and 2 are typical views each showing a construction of conventional die- 
so nipple wherein reference numeral 1 designates a glass fiber, 2 concentrically disposed thermoplastic 
rubber composition and thermoplastic resin in molten state, 3 a die, 4 a nipple, 5 an inner diameter of the 
nipple 4, 6 a distance from tiie extreme end of the nipple 4 to an outiet of the die 3, 7 an inner diameter of 
the die 3, and 8 a nozzle length of the die 3. 

The pressure type means a construction wherein a metal wire is coated with a thermoplastic resin 
55 inside a die. The pressure type has advantages In that a coating layer adhering to metal wires is obtained 
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and that high-speed coating of the wire is realized by controlling the pressure of the resin used. 

On the other hand, in the tube type, a metal wire is coated with a tube-shaped resin which has been 
extruded while applying drawdown. The advantages of the tube type residues in that a thickness of the 
coating film is easily controlled a nd the coating is performed at a nIgh-speed coating while maintaining a 
. 5 compai:atiyely low coadng tension. 

> - vv^r^yri^:. In th^'eie dle-hipple cbnst^^ 

risEsrn. A major reason resides in a difference between brealdng characteristics of metal wires and glass 
fibers. More specifically, while brealdng strength does not decrease in case of metal wire even if they are in 
contact with a solid material, breaking strength of glass fiber decreases easily in case that the glass fiber 
to comes into contact with the inner sur^ce of a nipple. Thus, in case of coating a glass fiber, it is necessary 
not only to make a clearance defined between a fiber and the inner surface of a nipple wider (usually, by 
several tens ^m) than that in case of coating a metal wire, but also to keep coating tension low as much as 
possible. As a result coating tension increases due to the generation of excessive resin pressure, i.e., fiber 
breaking arises as well as a back flow of a resin occurs by means of the high pressure through the inside of 
fS the nipple in this die-nipple construction of pressure type. Accordingly, it Is not possible to obtain a coating 
, layer having a stable film thickness over continuous length thereof at a rate of several tens m or more per 
minute. 

On one hand, in the tube type construction, it is difficult to obtain a coating layer adhering to a fiber. 
Besides, such fibers vibrate, since a tube-shaped molten resin thus ;extruded has ho effect of maintaining * 
30 the fiber (centering force), so that the fiber comes easily in contact with the inner surface of the nipple, for 
X this reason, fiber strength decreases and in addition, the coating cannot be processed at a high speed. 

J As described above, there was a problem in economization for the fabrication of an optical fiber when a 

primary coating material of a thermosetting resin and the coating method which have heretofore been 
employed for the febrication of a metal wire are used for the fabrication of an optical fiber. Furthermore, 
25 there was also such problem that a thermoplastic resin cannot be used for such primary coating material 
since extrusion coating method which has been utilized for metal wire coating cannot be applied to the 
coating of a fiber. 

On the other hand, concerning secondary coating layer, linear expansion coefficient of materials used 
for both tight and loose types are of. the order of 10^*C~^ and such a value is far larger then that of fiber 

30 itself which is of the order of 10"^C"\ For this reason, !n case of a tight coating fiber, the fiber causes 
mrcrobendlng because of expansion and contraction of the secondary coating layer due to temperature 
change so that there is an increase in loss due to the microbending. Furthermore, in such a coated fiber of 
the tight type, a comparatively long cooling step of about several meters is required In the step for 
secondary coating. Such cooling step is performed so that the orientation in fibers along the longitudinal 

35 direction thereof which occurs in extrusion coating step Cor secondary coating materiat is removed as much 
as possible by means of slow cooling. If such slow cooling is insufficient, relaxation of orientation proceeds 
even at ordinary temperatures so that a secondary coating layer contacts gradually. As a result, 
compressive strain is applied to fibers, and consequently microbending loss increases gradually. As the 
secondary coating step is speeded up, it becomes actually impossible fo provide such a slow cooling step 

40 which can sufficiently correspond to such high-speed secondary coating step. In these circumstance, 
relaxation in orientation of such secondary coating layer causes a bottleneck so that a coating speed is 
limited to about several tens m/min. Thus, it has been a problem that the coating speed cannot be 
-W^ .wv-^. .:; . ■ incnsasetfiafcrd^crttiii^ 

As another tight type coating fiber, there has been proposed a coating fiber in which glass fibers are 
/ ^ appended longitudinally to fiber yarn stock having a silicone buffer layer along the length thereof, and they 

< are fixed by curing a thermosetting resin applied thereon to form a secondary coating layer. A linear 

expansion coefficient of the seconder/ coating layer of the fiber core wire is of the order of lO'^X"^ and 
therefore, increase in microbending loss is remarkably suppressed. In this case, however, such a low linear 
expansion coefficient of the secondary coating layer Is due to linear expansion coefficient (in the order of 
so 10^^*'C~M of glass fiber, whilst the thermosetting resin Itself has inevitably a high linear expansion 
coefficient (in the order of 10^'*'C"M. In addition, since thermosetting resin requires a comparatively long 
curing time, such a disadvantage that secondary coating speed is very slow still remains. 

In a coated fiber of the loose tube type, loss due to macroscopic fiber bendi ng caused by expans ion 
and contraction of a protective plastic materiaJJtomTin^ coating layer is reiaxea oy afford mg 

55 suitablf^an Sitfa'l^riglfno the fiber i ri DieT oose tuHe .^Tioweverrsl n ce TBIffel'^TcelSetwee n ITn ea r expansion 
coefficientsjof the secondary coating layer and the fiber itself is significant, increase in rnicrobending loss 
due to expansion and: contraction of the^'s^^^^ 

In order to prevent the increase In microbending loss due to a difference between linear expansion 
coefficients of the secondary coating layer and the fiber, there have been proposed a coated fiber prepared 
60 bj^jtrgtcbiag and .orientating a loose tube along the longer direction thereof at Its melting point or less 
under solid state in core wire rnanuf a ctu ring stp o. A linear expansion coefficient of the seconder/ coating 
layer of the coated fiber is ^©"•'C"^ or less and hence, injcrease iajmicroben dinq loss Is remarkab ly 
symirg^SLd. There were, however, such disadvantages that a^^mp^arativelynong heating oven is required 
for the stretching and orientation of loose tubes In order to fabricate a coated fiber of loose tube type which 
€5 are stretched and orientated as described above, that its production line becomes long, because it is 
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required to place a heaMreatlng oven after a stretching-heating oven In order to prevent heat shrinkage of 
the stretched loose tube at a high temperature, thatfor this reason, it is difficult to increase a manufacturing 
speed, and that precise control for manufacturing steps Is necessasry for controlling extra length of the 
fiber. 

; : As mentioned above, aih^rmoplastlcjaslnJiavinttllal^^^ 

be used as a se ^ndary coatin g material, and the above>^entloned extrusion coating may be adopted for 
the coating metf iudHiieibl'brTin this case, however. It Is premised on the use of a tt jermosetting resin a s its 
primary coatifigj3Bgdier»al' so that the primary and secondary coating steps becom eTnevltabtv sepafa ted 
gteps regardless of continuous or discontinuous steps. In view of the above, economization of optical liBers 
oased on an increase of a coating speed Is limited in the coating techniques at present 

As set forth above, there were such disadvantages In prior art that microbending loss based on a 
difference between linear expansion coefficients of a coating material and a fiber increases in both coating 
structures of tight and loose tube types, so long as secondary coating materials (thermoplastic resins) 
which are employed at present are utilized, and further that its coating speed is limited and besides 
additional apparatus such as a heat-treating oven and the like Is required, since the secondary coating layer 
is orientated in a coating method (extrusion coating) whfch is generally used at present on the basis of the 
former reason, so that loss due to its orientation relaxation increases. 

The present invention seeks to eliminate the . „ aboye ^described disadvantages Involved with 
conventtCTid l i:ualetH>pti«rf'tri5gi^^rid to pr<^^ a' coated optical '^berwliTcir Bas^^ transmission 
characteristics at^low and high temperatures and which is inexp ensive ^ 

The present invention aTsa seeks io provide a process which can be carried out at hjatLSfiggiifii' 
fabri<^' ng an inexpensive coated optical, fiber having excellent transmission characteristics at low and 
nign temperatures. 

The present invention further seeks to provide a hiahlv reliat^le process for fabric^tfnq coated optical 
fibers wherein a wide range of thermoplastic resins can be used and a wide range of coating thicknesses 
can be obtained, the process also Improving the workability of such coated optical fibers when they are 
connected together. ^ 

The present Invention also seeks to provide an inexpensive and highly reliable apparatus for carrying 
out the latter process. 

It is known from the Patent Abstracts of Japan Vol. 6^ Mo- 1.13, Kokai No. 57— 47748, to provide a coated 
optical fiber in which a first layer, which is a rubber composition, is disposed around the circumference of 
an optical fiber, and a second layer which is a thermoplastic resin composition, is disposed around the 
circumference of the first layer. 

However, the present Invention is characterized in that (a) th^ rubber com position of the first lay er is a 
thermoplastic rubber composition which has a You ng's modi iHus of 0.1 GP a or less and which is capable of 

of the 



extrusion cx iating, (b) the t hermoi 
crystallizabili^^th the molten state ai 



lastic resm coniDosltlon of the second layer^ exhibits liquid 
its oriented state is maintained by forcible'coSimg Im m ediately after 




cogoI^^[n3jg[£. The. thermoplastic rubber composition of the first layer may dbhl^ise a si^ueoe^hutadiene 
JigfiEcEUJolymer.^^ 

stabilizeras the ma]or components. Each amount of the naphthenic processed oil and the heat stabilizer 
can be 5—1 50 parts by weight and 0.5—5 parts by weight, respectively, with respect to 1 00 parts by weight 
of the styrene/but adiene block copolym er. The thermoplasti c resin comp pyitir^p of tha go^nH i^yor may be 
composed of polyetnyiene teirepn tnaiate>p«hydroxybenzoic a cid copolymer containing 40—70 mol% of p- 
hydroxybensfoic acraTor a 5iend^ prepared^bm" tfie coplaiymgingmr-io^^^ t he " resin 

composition may present molecular orientation in lengthwise direction of the fiber at a rate of shear of 10* 
sec""^ or more. 

TheAei23]ifiPlasfic rubber composition of the first layer may contain an ethylene-a-oLeflne.copoJymer. 
Where the thermoplastic rubber composition of the first layer comprises: *" 
A: a styrene/butadiene block copolymer (20—40 wt% styrene concentration), 
B: a naphthenic processing oil, and 
C: a heat stabilizer, 

as the major components, the concentrations of the respective components .of the composition can be so 
determined that /■ --i/ . -^.i.-^:^--':^''- - ■ „ ... . . .. 



60 



B 



B 



A + B 



=t 5—40 wt% and - 



A+ B + C 



2 wt%. 



^^^"P*^ P^^^^'^ ''eslnco mposition o f the second l ayer may be sele cted from the group consisting of all 
aroniagtrppiyestef^^ p olyester amides, aromatic-aliphatic polyester 

amides, aromatic polyazomethiries, arornalfic polyester-carbonates, the mixtures therieof; or miSd'uresoTth^ 
65 high-molecular materials with the other high-molecular materials. 
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It IS known from the Patent Abstracts of Japan Vol. 6, No: 31, Kokai No. 56^149353 to provide a 
process wherein an optical fiber Is simultaneousty coated with different thermoplastic resin layers and is 
cooled after coating. However, the coating method, the coating materials and the purpose of cooling are 
different to those used in the Invention. 

The invention provides a process .which is^charactertod in that the optical fiber is simultaneously 
usion-coated wItH (a) 'a first iayfef^f sith'efn^^T^0^}$^^^m position which. has a- Yb^g-s mpdulu sj^^ 
of 0>1 GPa or less and which is capable of extrusion coating, and (b) a second I ayer ci a moiecuiar-^ 
orientated thermoplastic resin composition which exhibits liquid crystallitability in molten state and which 
has a linear expansion coefficient of 7 x 10~^'^ or less which has a Young's modulus of 4.3 GPa or mo re 
JO and which is capable of extrusion coating. In such a process the optical fiber is extrusloivcoMed, an 
applicator. Immediately after the spinning step and, where the coated optical fiber travels at a speed of . 
V(M/sec)r at least the second layer is forcibly cooled to the crystallization temperature of the molecular- 
orientated thermoplastic resin composition or less before the coated optical fiber reaches a distance x, 
from the outlet of the applicator, which satisfies the condition xA/ < 1. 
rs The coated optlc^al fiber may be cooled forcibly by use of coolant which Is selected from the group 
consisting of liquids, gases, or the mixtures thereof having a specific heat of 0.1 kcat/kg'^C or more at an 
ordinary temperature and a thermal oonductivrty of 0.01 kcal/m.hr.X or more. The molecular-orientated 
thermoplastic resin composition may be a thermotropic liquid crystalline high-molecular material. The 
^ V ' molecular-orientated thermoplastic resin composition may be selected from polyethylene terephthalate-p- 

20 hydroxybenzoic acid copolymers containing 40 — 70 mol% of p^hydroxyberuoic acid or blends prepared 
\ from the copolymers and other polymers, and the resin composition may exhibit molecular orientation, in 

V J lengthwise direction of the fiber at a rate of shear of 10^ sec'^ or more. The thermoplastic rubber 

composition may contain a styrene copolymer or an ethylene-a-olefine copolymer. The thermoplastic 
rubber composition may comprise a styrene/butadlene block copolymer containing 20—40% by weight of 
25 styrene, a naphthenic processing oil, and .a heat stabilizer as the major components, and an amount of the 
naphthenic processing oil may be 5 — ^150 parts by weight with respect to 100 parts by weight of the styrene/ 
butadiene block copolymer. 

The present invention also provides apparatus for fabricating the latter-mentioned coated optical fiber 
and which is characterized in that the apparatus comprises an extruding machine for extruding the 
30 thermoplastic rubber composition and the molecular-orientated thermoplastic resin composition, a 
crosshead for simultaneously coating the optical fiber with the extruded thermoplastic rubber composition 
and the molecular-orientated thermoplastic resin composition to form the first and second layer around the 
optical fiber, and first cooling means disposed on the outiet side of the crosshead for forcibly cooling the 
coated optical fiber at a liquid crystal temperature of the liquid CTystalline thermoplastic resin comp osition 
ss of the second layer or less. The first cooling means has a lengtfi x^mi wntcn satisnes the condition x/V ^ 1 
for a fiber travelling at a speed of V (m/sec). The crosshead also has at least a nipple and die, an extreme 
and portion of the nipple, which Is located Inside said nozzle forming a straight pipe having an inner 
diameter which is larger than the diameter of the optical fiber and less than 0.5 mm. 

In such apparatus, the Interior of the cooling means may be filled with coolant which is brought into 
40 contact with the coated optical fiber to cool the coated optical fiber. The apparatus may further comprise 
second means for cooling the coolant which Is to be introduced into the interior of the first cooling means; 
and means for circulating the coolant between the first cooling means and the second cooling means, 
"fe .-. . ' - v . - Embodiment^df the ihVeht^^ 

accompanying drawings in which: 
^ \ 4S Rgs. 1 and 2 are schematic views each showing the construction of a conventional die-nipple for 

' coating a metal wire; 

Rg. 3 Is a graph Illustrating the relationship between the concentration of styrene and Young's 
modulus In SBS; 

Bg- 4 Is a graph Illustrating the relationship between melt viscosity and the rate of shear in case of an 
so SBS/processed oil composition at 260**C; 

Ffg. 5 Is a graph Illustrating the relationship between the coefficient of linear expansion and the rate of 
shear at 240'*C in case of PET/POB (40 mol% of PET); 

Rg. 6A Is a graph illustrating the relationship between the coefficient of linear expansion a of PET/POB 
extruded at a rate of shear of 10^ sec~^ at an extrusion temperature of 240*C and concentration of POB; 
55 Rg. 6B Is a graph illustrating the relationship between Young's modulus E of PET/POB extruded at a 
rate of shear Qf 10^. $9ct1 at . an extrusion tempera^^ 
' Rgsv7.and:8 are 'section al views each showing scherh'atical ly arnTembodiment of a crossh ead used in ah 

apparatus for fabricating a coated optical fiber according to the present invention; 

Rg. 9 Is a sectional view showing an embodiment of a specific construction of such a crosshead; 
60 Rg. 10 is a perspective view showing the disassembled crosshead shown in Rg. 9; 

Rgs. 11 and 12 are schematic typical views each showing an embodiment of an apparatus for 
fabricating a coated optical fiber in the second mode of the present invention; 

Fig. 13 is a graph Illustrating a loss spectrum of the coated optical fiber according to the present 
invention; 
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Ffg. 14 Is a characteristic diagram wherein loss is plotted with respect to \'* In the case of the coated 
optical fiber of Fig. 13; 

Rg. 15 is a characteristic diagram Illustrating comparatively temperature-dependency of transmission 
loss in case of a coated optical fiber according to the present Invention and a conventional coated optical 
fiber; and .^.w^.^- v- - • • .......v-^ - 

Fig. 16 is"^a characteristic'!'diiigraw^^^^ shrinkage strain^of -a coated ' ia^erJ 

according to the present invention and a cohventidnarcoated layer, both after eilminating the opticar^ber 
from the coated optical fiber, during cooling after heat-treatment 

The present Invention was achieved as a result of a research of novel coating materials which may 
replace.conventionai liquid thermoplastic resins. The present inventors have studied thermoplastic resins 
and elastomers being suitably applicable for an extrusion coating method by which high speed coating Is 
possible and found that a resin composition comprising a styrene/butadiene/styrene blocic copolymer 
(hereinafter referred to simple as "SBS"), a processed oil, and a heat stabilizer as major components 
thereof was most suitable for a first coating layer. 

Various thermoplastic rubbers such as styrene elastomers, polyolefme elastomers, urethane 
elastomers, poiyester elastomers, polylnitadlene elastomers, nylon elastomers, the compositions obtained 
therefrom and the ilice are applicable for coating materials of the first layer of a coated optical fiber 
according to the present invention. Among others, particularly preferable are styrene elastomers, 
polyoiefin elastomers, and the compositions thereof.; " 

) Styrene elastomers include styrene/ethylene* blitylne/styrene block copolymer (SEBS), styrene^ 
utadiene/styrene block copolymer (SBS)rstyrene/is6prene/styrene block copolymer (SIS) and the like. 
Among others, the most preferable Is SBS. 

More specfficaily,^^§BgJ;)as a lower Young's modulus and a lower glass transition temperature than 
those of the other thermoplastic resins and elastomers and besides S8S has properties required for coating 
materials in view of transmission loss. Processed oil reduces significantly melt viscosity of a resi 
composltton prepared by adding the processed oil to resin so that such resin composition is effective fo 
the speeding up of a coating speed for an optical fiber. As well known, since SBS ihvoWes double bonds, i 
crosslinks and gels easily at a high temperature. In this respect, heat stabilizer is effective for preventin 
such crosslinkage and gelation as well as Increase in Young's modulus with time due to the crosslinkage. 

A concentration of 40—95% by weight is suitable for SBS which is a major component of the resin 
composition according to the present invention, whilst a concentration of 5 — 60% by weight is suitable for 
processed oil which is another major component of the resin composition. While there is such an 
advantage in that a coat itself formed is highly reliable in the case where a concentration of SBS is high, 
there is such a disadvantage in that the coating speed is limited because of its (high melt viscosity. On the 
contrary, when a concentration of SBS is low and hence a concentration of processed oil is high, there is 
such an advantage that its coating speed may be increased because a melt viscosity of resin composition 
becomes low, but there is such a disadvantage that reliability of the coat itself formed is impaired. 
Furthermore, processed oil has such advantages that it decreases not only melt viscosity of a resin 
composition, but also Young's modulus thereof. 

Although a concentration of heat stabilizer is not specifically limited, such heat stabilizer is generally 
used within a range of 0.05 — 5%. 

A thermoplastic elastomer called generally SBS may be classified roughly into two categories, i.e., 
linear aridi^raf typis; of such Wneaf 

type includes various structures such as S^B^Sz, B1S1B2S2 and the like (wherein S^ and indicate styrene 
blocks, and B, and B2 indicate butadiene blocks), a structure and a manufacturing process of SBS per se 
used In the present Invention are not partfculariy limited. Namely, a ratio of styrene block and butadiene 
block may arbitrarily be changed in such SBS. 

A range of SBS which may be contained in a resin composition used for the optical fiber coating 
material of the present invention will be described hereinbelow. Rg. 3 is a graph illustrating a relationship 
between a concentration of styrene (weight %) in SBS (abscissa) and Young's modulus (GPa) thereof 
(ordinate). From Fig. 3, it is understood that conditions of 0.1 GPa or less of Young's modulus are satisfied 
by such composition having 40% by weight or less styrene concentration. However, as a styrene 
concentration is decreased, heat stability of SBS deteriorates so that coating of fibers becomes impossible. 
While such an advantage that Young's modulus of SBS reduces is obtained in the case where a 
concentration of styrene is reduced, there Is such a disadvantage that coating properties deteriorate 
because flqwability of such resin composition decreases. Conyersely. although the flowabllity becomes 
favorable in the'ciasew^^ becomes^ highi^ Ybung's modulus becomes also higti 

so that It is not preferable from the viewpoint of transmission loss of coated optical fibers. 

It Is a requisite for a resin composition used for the first layer of the present invention that a Young's 
modulus thereof Is 0.1 GPa or less at ordinary temperature as mentioned above. Such optical fibers coated 
with a resin composition Young's modulus of which exceeds 0.1 GPa increase easily transmission loss. 

It is required that a gelation time at coating temperature is 30 seconds or more as a standard for heat 
stability under which fibers can be coated. Since such a resin composition having less than 30 seconds 
gelation time exhibits poor heat stability, there Is such a case where crosslinkage appears. Young's 
modulus of the resin composition increases and transmission loss of a coated optical fiber increases, and 
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there is also such an outstanding case where gelation is observed at the time of coating an optical fiber so 
that no coating is formed. 

It was found that such composition satisfying such conditions that a gelation time of SBS containing 
2% by weight of Irganox 1010 (Manufactured by aba Gelgy S^) as a heat stabilizer is 30 seconds or more 
5 at 260**C which is selected as a usual coating temperature was limited to a composition having a styrene 
concentration of 2Q% by wei^htc^jg^gfe^a.^ittrt^^^ '? 
> • ■ - limited to a range of 20— 40 weight %. ^ • 

Furthermore, It is preferable that a rubber composition utilized In the present invention has a melt 
viscosity of 10^ poise or less at the time of coating the rubber composition. 
10 In general, a coating temperature ranges 150—260^. When a melt visocisty exceeds 10' poise, 
fiowability of such resin composition becomes Inferior even at a coating temperature within the aforesaid 
temperature range. As a result, the coating speed is limited. 

Fig. 4 is a graphical representation illustrating a relationship between a melt viscosity (ordinate) and a 
rate of shear (abscissa) in respect of SBS having 28 weight% styrene concentration, with a parameter of a 
15 concentration of naphthenic processed oil (wt. %) (the numbers appeared in Rg. 4) at 260°C. From Rg. 4, It 
is understood that compositions involving 5% by weight or more processed oil satisfies the above- 
described conditions. On the other hand, with an Increase In concentration of such processed oil, resistance 
to blocking of SBS decreases. According to the research conducted by the present Inventors, it was found 
. J that such an SBS composition containing processed oil of 60% by weight ^.or jpore became sol.^and 

20 exhibited fiowability even at an ordinary temperature. 

A rubber composition layer exhibiting fiowability at ordinary temperature cannot hold optical fibers 
therein, but merely functions as an interposed layer. In other words, when an external force Is applied to 
the rubber composition layer, there are portions In which an optical fiber comes in direct contact with its 
second layer, so that such composition cannot be used as a coating material for the first layer according to 
2S the present invention. 

Examples of the processed oil which can be used in the present invention Include paraffinic processed 
oils, aromatic processed oils, naphthenic processed oils and the like. Among otherSr particularly preferable 
' is a naphthenic processed oil compatible with the butadiene block in SBS. The naphthenic processed oils to 
be utilized in the present Invention are not specifically limited by specific gravity, viscosity, pour point, 
30 aniline point, Ca, Cn, Cp and the like. 

Heat stabilizers employed In this invention are those generally referred to as antioxidants, aging 
inhibitors or the like. While types of such heat stabilizer are not particulariy limited In the present Inventon, 
compounds as enumerated herelnbelow may generaly be used singly or in combination with two or more 
of them. Eamples of such compounds include zinc dibutyi thiocarbamate (ZDBC), tetrakis - [methylene - 
3S 3 - (3',5' • di - tert - butyl - 4' - hydroxyphenyl)propionate]methane, phenothiazine, phenyl - a - 
naphthylamine, phenyl - P - naphthylamine, p - isopropoxydiphenylamlne, N,N' - diphenyl - p - 
phenylenedlamlne, N - Isopropyl - N' • phenyl - p - phenytenediamine, 2,6 - di - tert - butyl - 4 - 
methylphenol, 4 - hydroxymethy 1-2,6 - di - tert - butytphenol, 2,6 - di - tert - butyl - a - dlmethyl- 
amlno - p - cresol,2,2' - methylene - bis - (4 - methyl - 6 - tert - butytphenol), 4,4' - thiobis - (6 - tert - 
40 butyl - 3 - methylphenol) and 1,3,5 - trimethyl - 2/1,6 - tris(3,5 - di - tert - butyl - 4 - hydroxybenzyi)- 
benzene. 

The resin composition according to the present invention comprises SBS, a processed oW and a heat 
V*. >- . ^ . ; - stabilizer as^the^riaior'j^omponents^^dnd^optlonaHy^them elastomBr,^liquid 

oligomer, silane coupling agent or the like can be added to the resin. 
45 Addith^es optionally used in the present invention may include styrene elastomers such as styrene/ 
> isoprene block copolymers (SIS), styrene/ethylene^butylene/styrene block copolymers (SEBS) and the like, 

' ^- ' olefine elastomers, urethane elastomers, polyester elastomers, 1,2-poiybutadiene elastomers, 

polyethylene, polystyrene, petroleum resin or synthetic rubbers such as 1,4-polybutadiene, styrene- 
butadiene rubber (SBR) and the like, antiozonant, ultraviolet absorber, plasticizer, softener, lubricant and 
50 the like. 

Furthermore, p olyolefine elestome rs utilized In the present invention may include copolymers of a- 
olefines such as propylene, 1-butene, 1-pentene, 1-hexene, 1 -heptane, 1-octene, 1-nonene, 1-decene, 1- 
dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, allylcyclopentane, altylcyclohexane, ailylbenzene, 
3>methyM-butene, 3-cycloh6xyM-butene, 3-phenyl-1-butene, 4-phenyl-l-butene, 3-methyl-1-pentene, 4- 

55 methyl- 1-pentene, 4,4-dimethyl-1-pentene, 5-phenyl-1-pentene, 3-methyl-1-hexene, 4-methyl-1-hexene, 
4,4:dimethyl-1-hexene, 5-methyl-1-hexene, 3,5,5-trimethy I- 1-hexene, 5-methyl-1-heptene, 6-methyl-1- 
• heptencr 4,6,6-trimethyl-l-heptene, ^rnylcyclopropaner^ vinylcyclopentane,^ vinylcyclohexane, 2-vinyl- 

bicyclo(2,2,1 )-heptane and the like as well as copolymers of ethylene and the aforesaid a-olefines. Among 
others, particularly preferable are copolymers obtained from ethylene and a-olefines, and more preferable 

60 materials are copolymers prepared from ethylene and an a-olefine selected from the group consisting of 
propylene, 1-butene, l-pentene, 1-hexene, 1-octene, 1-dodecene and 1-octadecene. These copolymers 
have low Young's modulus at a low temperature and also excellent form ability. 

In the present invention, a ratio of copolymerization for olefine elastomers is not specifically defined. 
Such olefine elastomers may be used alone. The olefine elastomers may also be used in the form of rubber 

65 compositions which contain optionally various processed oils and various additives such as plasticizer. 
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antioxidant adhesion imparting agent aging inhibitor and the HIce as in the case of SBS. 

Molecular-orientated thernioplastic*resins to be used for a sacond l ^yer coating material may be high 
molecular materials (thermotropic liquid crystalline high molecular materials) exhibiting liquid crystalline 
state in molten condition. Examples of the high molecular ma terials may includ e all aromatic polyest erSr \ 
5 aromatic-aliphatic polyesters* all aromatic gSlyesteramides, aromat ic-aliphatic polyester anriides , aromatic | 
i^^^T. -. . poiyazoniethiries; ar6matld^^dJvnistei!§B^ 

mixtures of the aforesaid high' molecular rhaterialsVrid the other high rholecular mai€rfa1s;;'6r reaction 
products obtained from the afor^ald high molecular materials and chain extenders and the like. 

The all aromatic polyesters may include (1) copolymers prepared from one or more of aromatic 
10 dicarboxylic acids and one or more of aromatic diols via condensation thereof, <2) copolymers prepared by 
condensing one or more of aromatic hydroxycarboxylic acids, and (3) copolymers prepared from one or 
more of aromatic dicarboxylic acids and one or more of aromatic diols as well as one or more of aromatic 
hydroxycarboxylic acids through condensation thereof. 

The aromatic-aliphatic polyesters may include (1) copolymers obtained from one or more of aromatic 
fS dicarboxylic adds and one or more of aliphatic diols and alicyclic diols via condensation thereof, (2) 
copolymers prepared from one or rtiore of alicyclic dicarboxylic acids and one or more of aromatic diols 
through condensation thereof, and (3) copolymers prepared from one or more of aromatic hydroxy- 
carboxylic acids and the dicarboxylic acid and diol in (1) or {2) through condensation thereof. 

The all aromatic polyester amides may include (1) copolymers obtained from one or more of aromatic 
20 hydroxyamines and one or more of aromatic dicart>oxyllc acids via condensation thereof, (2) copolymers 
prepared from one or more of aromatic hydroxyamines, aromatic diamines, one or more of aromatic 
' , dicarboxylic acids, and one or more of the aromatic diols through condensation thereof, and (3) 

copolymers produced from one or more of aromatic hydroxycarboxylic acids, one or more of aromatic 
hydroxyamines, aromatic diamines, one or more of aromatic dicarboxylic acfds, and one or more of 
25 aromatic diols by means of condensation thereof. 

The aromatic-aliphatic polyamides may include (1 ) copolymers prepared from one or more of aromatic 
hydroxyamines, aromatic diamines, one or more of aromatic dicarboxylic acids, and one or more of 
aliphatic diols by means of condensation thereof, and (2) copolymers produced from one or more of 
aromatic hydroxyamines, aromatic diamines, one or more of alicyclic dicarboxylic acids, and one or more 
30 of aromatic diols, aliphatic diols via condensation thereof. 

The aromatic polyazomethines may Include copolymers produced from one or more of aromatic 
dialdehydes and one or more of aromatic diamines through condensation thereof. 

The aromatic polyester-carbonates may include (1) copolymer prepared by polymerizing one or more 
of aromatic diols, one or more of aromatic dicarboxylic acids, and phosgene (COCU), and (2) copolymers 
35 produced by polymerizing one or more of aromatic hydroxycarboxylic acids, one or more of aromatic diols, 
one or more of aromatic dicarboxylic acids and phosgene (COClj). 

In this connection, specific examples of the aromatic dicarboxylic acids may include such aromatic 
dicarboxylic acids as terephthalic acid, 4,4'-diphenyldicarboxylic acid, 4,4'-triphenyi-dicarboxyllc acid, 2,6- 
naphthalenedicarboxylic acid, diphenyl ether'4,4'-dlcarboxylic acid, ,.diphenoxYethane-4,4' -dicarboxylic 
40 acid, diphenoxybutane-4,4'-d?carboxylic acid, dtphenyfmethane-4,4'-dicarboxylic acid, diphenylsulfide- 
4,4' -dicarboxylic acid, diphenylsulfone«4,4'-dicarboxylIc acid, diphenylketone-4,4'-dicarboxylic acid, di- 
phenyldimethylmethane'4,4'-dicarboxylic acid isophthalic acid, 1 ,5-naphthalenedicarboxylic acid, and 1 A- 
i /.vrTsc -.'r. v. .... ... - :■■ naphthaleriedicarboxylio^at^dr^asf^wetl-^^s^-ellcyt^;'^ or the aforesaid - 

aromatic dicarboxylic' acids such as chloroterephtha lie acid, dichloroterephthalic acid, bromoterephthalic' 
45 acid, methylterephthalfc acid, dimethylterephthallc acid, ethylterephthalic add, phenylterephthallc add, 
and methoxyterephthallc add. 

* ' " Examples of the aromatic diols may Include such aromatic diols as hydroquinone, resorctne, 4,4'- 

diphenyl diol, 4,4'-triphenyl diol, 2,6-naphthalene diol, diphenyl ether-4,4'-diol, diphenoxy-ethane-4,4'-diol, 
diphenoxybutane-4,4'-dlol, dIphenylmethane-4,4'-diol, diphenylsulfide-4,4'-diot diphenylsuifone-4,4'-dial, 
so diphenyl ketone-4,4'-dTol, diphenyl dimethylmethane-4,4'-dlol, 1,5-naphthalene diol and 1,4-naphthaiene 
diol as well as alkyl-, aryK aikoxy- or halogen-substltuents of the aforesaid aromatic diols such as chloro- 
hydroquinone, methylhydroquinone, phenyl-hydroquinone, t-butyl hydroquinone, methoxyhydroquinone, 
4^lororesorclne, 4-methylresorclne and the like. 

The aromatic hydroxycarboxylic adds may include such aromatic hydroxycarboxylic acids as p- 
55 hydroxybenzolc acid, m-hydroxybenzolc acid, 6-hydroxy-2-naphtholc add, 5-hydroxy-1 -naphthoic acid, 4- 
... . . hydroxy-l -naphthoic acid, 6-hydroxy«1-naphthoic acid and the like as well as alkyh, arylr,. aikoxy- or 

r..: . .. : halogen-substituents of the aforesaid aromatic^ydrbxycarboxylic adds such a-methyl-4-h^droxy benzoic - 

acid, 3-chloro-4-hydroxybenzoic add, 3-phenyl-4-hydroxybenzoic acid, 3-methoxy-4-hydroxybenzoic acid 
and the like. 

60 The aliphatic diols may include linear or branched aliphatic diols such as ethylene glycol, 1,3- 
propanediol, 1,4-butanediol, neopentyl glycol, 1,5-pentanediol, 1 ,6-hexanediol and the like. 

The alicyclic diols may induda such alicyclic diols as trans-1,4-cyclohexane diol, ds-l,4-cyclohexane 
diol, trans-1,4-cydohexane dimethanol, cis-1,4-cyclohexane dimethanol and trans-1,3-cydohexane diol as 
well as alkyl, aikoxy- or halogen-substituents, of the aforesaid alicyclic diols such as trans-1,4-(1-methyl)- 

55 cydohexanediol, trans-1,4-(1-chloro) cyclohexanedlol and trans-1,4-<1-methoxy) cycle hexan edict. 
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The alicyclic dicarboxylic adds may include such alicycllc dicarboxytic acfds as trans- 1,4-cyctohexane- 
dicarboxylic acid, cis-1,4<yclohexanedfcarboxylfc acid, trans-1^-cyclohexanedicarboxylic acid and the like 
as well as allcyK alkoxy> or halogen-substituents of the aforesaid alicyciic dicarboxylic acids such as trans- 
l^l-methylfcydohexanedicarboxylic acid, trans-1 A(1-chloro| - cyclohexanedicarboxylic acid and the 
5 like. 

The 'arbmaticiitiydrGX^ aroma1iG>*LV«Jroxya 
hydroxyianiline; 6-hydroxy-2-aminonaphthalene, 54iydroxy-1-aminonaphthalerie;^'^^ 
naphthalene, 6-hydroxy*1-aniinonaphthalene and the like as well as alkyi-, aryl-, alkoxy- or halogen- 
substituents of the aforesaid aromatic hydroxyamines such as 3-methyM-hydroxyaniline, 3-chloro-4' 

fo hydroxyaniline and the like. 

The aromatic diamines may Include such aromatic diamines as p-aminoaniline, m-aminoaniline,> 2,6- 
dlaminonaphthalene, 1,5-diamino naphthalene, 1 Adiaminonaphthalene, 1,6-diamfnonaphthalene and the 
like as well as alkyl-, ar/h, alkoxy- or halogen-substituents of the aforesaid aromatic diamines such as Z- 
methyl^aminoaniline, 3-chiorO'4-aminoaniline, 3-phenyl-4-aminoaninne and the like. 

15 The aromatic dialdehydes may Include such aromatic dialdehydes as terephtli a 1 aldehyde, 
isophthalaldehyde, 2,6-naphthoaldehyde, 1,5-naphthoaldehyde, 1,4-naphthonaldehyde, 1,6-naphtho- 
aldehyde and the like as well as alkyl-, aryl-, alkoxy- or halogen-substituents of the aforesaid aromatic 
dialdehydes such as 3>methyherephthal-aldehyde, 3-chloroterephthalatdehyde, 3-phenyiterephthal- 
aldehyde and the like. ..^.i. 

20 Furthermore, the other high molecular materials to be used in blends with the above described 
thermotropic liquid crystals may include engineering resins such as polyethylene terephthalate, poly- 
butylene terephthalate, polycarbonate, polyarylate, polyether sulfone, polysuifone, polyphenylene sulfide, 
polyether and the like, or thermoplastic elastomers such as polyether ester, SBS and the like. 

In addition, chain extenders to be utilized for reaction with the aforesaid thermotropic liquid crystals 
may Include 1,4-phenylene-bis-A^-oxazoline-2, 1,3-phenyl-bis-A^-oxa2olino-2, 1,2-phenylene-bis-A*- 
oxazollne*2, 1/4-phenylene-bis(5-methyl-A*-oxa2onne-2), 1,3-phenylene-bls(5-methyl-A^-oxa2oline-2), 1,2- 
phenytene-bis-(5-methyt-A^-oxazoiine-2), 1^phenylene-bls(4-methyl-A^-oxazoline-2), 1,4-phenylene-bis(4- 
methyl-A^K>xazoline-2), 1,2-phenylene-bi8(4-methyl-A'-oxazoHne-2K 1,3^phenylene-bis(4>ethyl-A^- 
oxazoline*2), 1,2-ethytene-bis-A^-oxazoKne-2, 1A^utylene-bis-A^-oxazoline-2, 1,2,4-phenylene-tris-A^- 
oxazoline-2 and the like. 

A range of a composition applicable for a coating material of the second layer in the present invention 
will be described herelnbelow by taking a copolymer (PET/POB) prepared from polyethylene terephthalate 
(hereinafter referred to simply as "PET") and p-hydroxybenzoic acid (hereinafter referred to simply as 
"POB") as an example. 

3S The term "thermotropic liquid crystal" herein used means crystalline polymer exhibiting anisotr-opy of 
crystal together with fluidity of liquid before the polymer becomes liquid by heating to melt the polymer. A 
polymer to which no external force is applied so that it Is in liquid crystalline state is generally an aggregate 
of domains which are in a certain arranged order. It is known that such domains deform and flow, and 
hence disintegrate so that high molecular chains orientate along, the direction of flow, when mechanical 
external force is applied to such a system. As described above, since liquid crystal orientates along the 
direction of flow thereof, it is known that a melt viscosity of thermotropic liquid crystal Is remarkably low, 
and further that the higher a rate of shear, the lower a melt viscosity under shearing flow. PET/POB . 

= copcilymerlnilonHbTfentdtedrstdte has e^^^ Young's> 
modulus of several GPa and hence, such copolymer itself does not have tow linear expansion coefficient 
and high Young's modulus. However, such PET/POB copolymer being in orientated state exhibits low 
linear expansion coefficient and high Young's modulus along its orientated direction. 

As a method for flowing and orientating thermotropic liquid crystal, there is a method for injecting the 
liquid crystal from a small nozzia In other words, it is possible in injection or extrusion molding that high 
molecular chains are orientated In injecting or extruding direction by injecting such thermotropic liquid 

^ crystal from a small die. Since the liquid crystal thus orientated maintains its orientated state even after 
temperature drops, such liquid crystal exhibits low linear expansion coefficient and high Young's modulus 
along the direction of orientation. 

In a preferred example of the present invention, a PET/POB copolymer under orientated state is used 
for the second coating layer on the basis of the fact that the PET/POB copolymer exhibits low linear 
expansion coefficient and high Young's modulus along the orientated direction. Degree of orientation of 
PET/POB copolymer depends remarkably upon a rate of shear at. the time of extruding the copolymer,. 

Rg; 5 is^a graphical representationillpstrating a relationship between- a rate of shear (sec'M' (abscissa) 
and a coefficient of linear expansion (lO'^C'M along the extrusion direction (ordinate) in the case when a 
PET/POB copolymer (PET content being 40 mol%) is extruded from a nozzle by utilizing a capillary 

^ viscometer at 240'C. As is apparent from Fig. 5, it is understood that orientation is improved with the 
increase in a rate of shear, so that a coefficient of linear expansion becomes low. In case that a rate of shear 
is 10* sec"'' or more, a coefficient of linear expansion becomes 1 x 10"^C or less. From the above results, it 
is found that such a F^/POB copolymer which has been orientated at a rate of shear of substantially 10^ 
sec~^ or more is suitable for the second coating layer in the present invention. Further, in this case, it was 

S5 observed that Young's modulus along the orientated direction was such a high value of 10 GPa or more. 
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Ease of orientation or crystallizabftfty of PETTPOB copolymer depends significantly upon an amount of 
POB contained. Fig. 6A is a graphical representation Illustrating a relationship of a coefficient of linear 
expansion (10'^°C~^) (ordinate) of a PET/POB copolymer extruded at a shear rate of lO' sec~^ at 2WC with 
an amount of POB (mol%) abscissa). Rg. 6B is a graphical representation illustrating a relationship of a 
. 'sjr/er- ' > s • Young's modulua£(Gl^a)^oMna|e) the PCT/P^OB .copolyrrreiMlth ari^ampj^^gi^pB (itiol %}: (abscissa): ' 
Pram the results; it is found tiiat liquid cr^tallizabllity appears with the 1hBrea^€^''bf POB mol% and hence 
the copolymer orientates easily, so that the linear expansion coefficient thereof decreases. It is also found 
that a coefficient of linear expansion becomes 10~'^C~^ or less when an amount of POB is about 40 mol%. 
As a result, it is found that an amount of POB is preferably 40 mol% or more In a PET/POB copolymer to be 
10 used for the second coating material. 

With the Increase of POB mol% in PET/POB copolymer. Its linear expansion coefficient becomes low 
along the direction of orientation and the Young's modulus thereof becomes high, whilst there appears a 
disadvantage that elongation in the direction of orientation decreases remarkably so that the coated layer 
of such copolymer is easily broken down by bending the same. In this connection, the second coated layer 
IS of a fiber (coating outer diameter was 1 mm) coated with a PET/POB (=30/70) copolymer as the first coated 
layer (coating outer layer was 0.4 mm) was broken down at a bending radius of 5 mm. 

As a result of detailed research of a relationship between POB content and allowable (breaking) 
bending radius. It was found that such allowable bending radius further increases, with the increase of POB 
content. When easiness or the like for handling coated optical fibers is taken into consideration. It is 
20 required that an allowable bending radius Is 5 mm or less. Thus, the upper limit of POB content in a PET/ 
^ ) POB copolymer for the second coating layer according to the present invention is 70 moi%. 

^ - ' It is also possible to utilize blends of PET/POB copolymer and other polymers as the second coating 

materials. In this case, non-crystalline polycarbonate or thermoplastic polyether ester, or rubber 
compositions comprising these components as their major components can be effectively used as blend 
25 polymer, and it is preferable that a POB content in a blend prepared after blending the PET/POB copolymer 
with another polymer Is within a range of 40—70 mol%. 

Thermoplastic rubber compositions, particulariy styrene elastomer compositions used in the present 
Invention are soluble in organic solvents such as benzene, toluene and the iilos at an ordinary temperature. 
Thus, there is no fear of producing surface defects on optical fibers in stripping operation (i.e., removal of 
30 coated layer) necessary for connecting optical fibers to each other by using the above>described organic 
solvent. Accordingly, there is such an advantage that an optical fiber of the present invention is excellent in 
connecting workability, and connecting portions of the optical fibers have high strength. 

For the sake of concurrently coating an optical fiber with a first layer of a thermoplastic rubber 
composition and a second layer of a thermoplastic resin in the present invention, these materials are 
3S supplied to a crosshead by means of separata feeding apparatuses such as extruding machines or gear 
pumps. The crosshead has a die*nipple construction wherein an extreme end portion of the nipple forms a 
straight pipe having an inner diameter of 0.5 mm or less and the extreme end of the straight pipe locates 
Inside a die nozzle. 

Rg. 7 is a sectional view showing schematically an embodiment. of a die-nipple construction of the 
40 crosshead for simultaneously coating two layers according to the present Invention. 
^ . The apparatus for fabricating a coated optical fiber in accordance with the present invention has been 

-^-%™i;i>: f ' : - - - made on the basis^^f results >of/detalled^rese»iicluln.re^^ of coating ^1 in- thickness; 

uneveness and a strength of coated fibers with a construction of a crosshead, particulariy a~cx)hstructioh of 

a die-nipple. 

') 45 A fundamental outiine of an embodiment of a die-nipple construction of the present invention wll be 

- ^ described In conjunction with Rg. 7. 

In Rg. 7, reference numeral 11 designates a nipple through which an optical fiber 1 passes, and the 
extreme end portion 11A of which forrhs a straight pipe having an Inner diameter {/of 0.5 mm or less. A die 
12 having an inner diameter D Is placed with a predetermined distance with respect to the nipple 11. A 
so supply passage 13 Is formed concentrically along the circumference of the nipple 11, so that a 
thermoplastic rubber composition for forming a first layer Is supplied through the passage 13. A supply 
passage 14 is also concentrically formed along the circumference of the die 12, so that a thermoplastic resin 
for forming a second layer is supplied through the passage 14. The rubber composition 15 and the resin 16 
being in molten state after passing through both the supply passages 13 and 14 form two layers In a gap 17 
55 defined between the nipple 11 and the die 12 as shown In Rg. 7 and they are delivered from the extreme 
u . - -end portion 11A of 'the nipple 11fitO'tHe;Outiet of the die 12.-in'ing. 7; L, designates a distant^tfrarnnhe 
extreme end portion 1 1 A of the nipple 1 1 to the outiet of the die 1 2 and La designates a nozzle length of the 
die 12. 

In the gap 17 defined between the nipple 11 and the die 12, both the molten materials are accelerated 
60 up to a predetermined speed by means of an extruding machine while keeping two-layered condition 
. thereof. In this case, although there is produced a resin pressure corresponding to its flow velocity 
generated in inlet portion of a nozzle 12A of the die 12, this resin pressure decreases because of viscous 
flow of the resin in the gap 17 between the nipple 1 1 and the die 12, so that the pressure is extremely low at 
the extreme end portion 1 1 A of the nipple 11. Hence a tension applied to the fiber 1 reduces stgnificantiy as 
55 compared with that of the above-mentioned pressure type die-nipple construction. Besides, there is an 
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extremely low possibility that the nipple 11, Furthermore, the molten materials 15 and 16 flow adhesively 
together with the fiber 1 within a region of distance L, extending from the extreme end portion 1 1 A of the 
nipple 1 1 to the outlet of the nozzle 12A of the die 1 2. For this reason, first and second coating layers 1 8 and 
19 being adherent to the fiber 1 can be obtained unlike the case of the above-mentioned tube type die- 
s nipple construction. In addition, a viscous flow derived from the molten rubber composition 16 and resin 16 
^ - function.s ts»JT5aintain.jthe'fiber .1 at the center-ogthe die nqiz\Qj^2^:s^0iBX,XherQ Is such an advantage that 

the possibility of eccentricity of the fiber 1 becoifies very loW Srtd'^^fiencfe, such risk that the fiber 1 comes 
into contact with the inner surface 1 1C of the nipple 1 1 can also be prevented. 

Fig. 8 illustrates another embodiment of the crosshead in an apparatus for fabricating a coated optical 
to fiber according to the present invention. The crosshead has the same construction as that shown in Rg. 7 
except that the inner diameter of the die 12 is formed in two stages, i.e., the Inner diameter D, of a die 
nozzle portion 12B corresponding to the extreme end portion 11A of the nipple 11 is made larger whilst the 
inner diameter of a die nozzle portion 12C positioned on the downstream side from the extreme end 
portion 11A of the nipple 11 is made smaller than the inner diameter 
15 Rg. 9 shows a specific embodiment of the aforementioned condition of the crosshead, and Pig. 10 
shows the disassembled condition of the crosshead shown in Fig. 9 together with extruding machines for 
the first and second layers. 

In Rgs. 9 and 10, reference numeral 21 designates a crosshead cover, the inside of which has a tapered 
opening opening 23 for inserting a cartridge 22^ nd a hole 24 communicating with the opening 23 for 
20 supplying rubber composition to the opening 23. The crosshead cover 21 is connected to the extruding 
machine 1 00 for extruding a thermoplastic rubber for forming the first layer, so that thermoplastic rubber is 
supplied from the extruding machine 100 to the cartridge 22 through the supply hole 24. 

The cartridge 22 is of substantially truncated conical shape, the interior of which has a stepped opening 
26 being capable of receiving a nipple holder 32. Around the circumference of the cartridge 22, a recess 27 
25 is formed to form a passage of the thermoplastic rubber in a gap between the cartridge 22 and the 
crosshead cover 21 Is defined, when the cartridge 22 is inserted into the crosshead cover 21. The cartridge 
22 is radially provided with a plurality of apertures 28 communicating with the opening 26 around the 
whole circumference thereof on the substantially downstream side of the recess 27. Though a*depth of the 
recess 27 varies dependent upon positions, the thermoplastic rubber Is supplied with circum/erentially 
30 uniform pressure to the Interior- of the opening 26 through the radial apertures 28. The bottom of the 
cartridge 22 is provided with a base 29, on which a supply hole 30 for introducing a thermoplastic resin 
such as a liquid crystalline high-molecular material into the opening 26 of the cartridge 22 from the 
extmding machine 101 is defined. 

The cartridge 22 is inserted into the opening 23 from the underside of the crosshead cover 21, and a 
35 screw positioned on the outside at the upper part of the cartridge 22 which is profected from the upper part 
of the crosshead cover 21 is secu red by means of a nut 31, so that the cartridge 22 is fixed to the crosshead 
cover 21. 

A nipple holder 32 is mounted on the upper part of the cartridge opening 26. The nipple holder 32 is 
provided with a hole 35 for holding a nipple 33 and at the same time Inserting a guide screw 34 thereinto. 
40 The guide screw 34 is provided with a nozzle 36 having an inner diameter of several mm which 
functions as a guide in the case that the fiber 1 1s Introduced Into the nipple 33 at the time of commencing 
wire drawing of the fiber 1. This nozzle 36 is based on the consideration for workability and therefore, such 
y^^.f^^'^^^^t.'^^- means is not essentially requlred^during :operationrot an apparatus. A portion of the screw 37 Is serewed 

Into an opening 38 defined Inside the upper part of the cartridge 22. " ~ 

45 The nipple holder 32 holds the nipple 33 and at the same time, ensures a flow path for coating 
) materials. More specifically, the upper outside tapered portion of the nipple holder 32 is Inserted from the 

' • underside of the cartridge opening 26 thereinto to fit it with the cartridge opening 26. The first layer coating 

material flowed Into the interior through the cartridge opening 26 passes through the gap defined between 
the nipple holder 32 and the cartridge 22 and Is Introduced Into a die 39 disposed inside the lower part of 
50 the cartridge opening 26. The extreme end of the nipple holder 32 is tapered in parallel with the tapered 
plane of the die 39 so as to define a fiow path of a constant distance therebetween. 

An exposed base of the nipple 33 Is placed in face to face relation with respect to the circumference of a 
tapered nozzle at the extreme end of the nipple holder 32. An extreme end portion 40 of the nipple 33 forms 
* a straight pipe, which Is inserted Into a nozzle 41 formed inside the die 39. The die 39 is provided with the 
55 nozzle 41 having a tapered portion for forming fiow paths for the first and second layer coating materials. 
These coating materials are forcibly delivered through the nozzle 41 along the trayeling^direction of the 
r ' fiber' 1. The nipple hoider'32 and the tapered surface of-the nipple. 33 are in contact with the first layer 

coating materiel, whilst the tapered surface of the die 39 is In contact with the second layer coating 
material. 

eo A distributor 42 is secured to the circumference of the die 39. The distributor 42 holds the die 39 inside 
thereof. The distributor 42 is provided with a groove 43 for supplying the second layer coating material with 
circumferentially uniform pressure on the circumference thereof. The groove 43 is successively branched 
from the position corresponding to the supply hole 30 and extends upwardly. The upper surface of the 
distributor 42 Is In face to face relation with the tapered upper surface of the die 39, so that the second layer 

es 
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coating material introduced through the groove 43 Is further introduced Into the tapered nozzle 41 of the die 
39. 

The distributor 42 containing the die 39 inserted therein Is inserted from the underside of the cartridge 
opening 26 thereinto, so that the flow of the second layer coating material Is turned back by means of a 

5 portion of an inner flange 44 formed inside the cartridge opening 26 so that the second layer coating 
material J6iri¥^ith the nrsi l^yeY^bating in the g;dipl||e1^e^^ the Yiipple holder SRZ and'the die'^sg to 

be Introduced in the die 39 as two-layered flow. ^ - " - 

A cap nut 45 holds the distributor 42 and which is screwed with a screw 46 formed on the outer lower 
surface of the cartridge 22. In this case, since a pitch of screw thread of the screw 46 is known already^ the 

10 spacing defined between the nipple 33 and the die 39 is precisely established by rotating the cap nut 45 
from the screwed position with a suitable number of rotations In such a way that the nipple 33 or the nipple 
holder 32 comes In contact with the die 39. 

It is to foe noted that the upper structure of the crosshead, i.e., a resin flow path structure extending 
from the outlet of the extruding machine to the die-nipple arrangement Is not specifically limited to the 

IS above described embodiment Any structure may be applied to the present invention so far as each of 
thermoplastic resin materials is concentrically placed in a spacing defined between the die and the nipple, 
and these materials may be uniformly supplied without unevenness and stagnation thereof. 

According to the extrusion coating In tfie present Invention, not only the simultaneous coating of the 
two layers, but also single layer coating is possible. In either case> a rate of shear in the die nozzle becomes 

20 maximum on the wall surface of the nozzle. For instance, when a fiber (1 25 pm diameter) Is coated by using 
a nozzle having an inner diameter of 0.9 mm, a rate of shear on the wall surface of the nozzle becomes 
10^ sec*' or more, when a fiber speed Is 10 m/mln or less. Namely, a coefficient of linear expansion of the 
second coated layer becomes 1 x iQ-^'C'"^ or less under normal coating conditions in accordance with the 
present Invention, so that no particular operation is required In this connection. Furthermore, since linear 

25 expansion coefficient or Young's modulus of the orientated second coated layer are maintained even after 
cooling the same, apparatuses such as heat-treating oven or the like used In conventional secondary 
coating methods become unnecessary. As a result, a fiber drawing apparatus can be simplified and coating 
can be performed at a high speed. In addition, two layers can be coated In a single coating step. 

As will be described in the the following Comparative Example 3, a back flow of resin through the 

so ^ inside of the nipple is'observed in case that an inner diameter of the straight pipe portion of -the nipple is 
0.5 mm or more. 

Accordingly, in this case, a fiber of continuous length cannot be coated. Thus, an inner diameter of the 
nipple is limited to a range of less than 0.5 mm. 

35 EXAMPLE GROUP I 

While the present invention will be described in more detail herein below in fiber of conjunction with 
examples and comparative exampfes, it is to be understood that the present Invention is not limited to such 
examples. 

In the following examples and comparative examples, the following materials were used: 
4o fiber diameter: 125 ^m 
fiber speed: 300 m/min 

outer diameter of first <inner) layer: 400 ym „ 
outer diameter bfjgf^r^ pm - : ^ " I'll ■^""'^'^^^^^-^^^^^^ : i ... 

composition of first tinner) layer coating material; 98% by weight of SBS/oM blend coni prising 70% by 
45 weight oir a styrene-butadiene-styrene copolymer (28 weight% styrene concentration) and 30% by weight 

of a naphthenic oil, and 2% by weight of heat stabilizer second (outer) layer coating material: PET/POB 

copolymer (including 40 mol% PET). 

Example 1 

so Coating experiment was effected by employing the die-nipple having the construction shown in Fig. 7 
wherein the dimensions were: 0.4 mm inner diameter of the nipple, 0.9 mm Inner diameter of the die, 7 mm 
die nozzle length, and 2 mm distance from the extreme end of the nipple to the outlet of the die nozzle. In 
this case, resin pressure became 320 kg/cm^ and the fiber could be coated over a length of 18 km or more. 
An eccentricity (a distance between the centers of the fiber and the coating) was ±15 pm or less. Average 

55 breaking strength of the coated fiber (gauge length: 10 m, n « 50) was 6.7 kg per one fiber. A transmission 
loss of the coated optical fiber was 2.8 dB/km at a wavelength of 0.85 pm and 0.6 dB/km at a wavelength of 
1.55 pm. The values oTthe aforesaid transmission losis did not vary within a temperature raiig 
to +80X. 

50 Comparative Example 1 

The die-nipple having the construction shown in Rg. 1 was utilized and the dimensions were: 0.18 mm 
inner diameter of the nipple, 0.45 mm die nozzle diameter, and 5 mm die nozzle length. In this case, resin 
pressure exceeded 400 kg/cm^ and the resin held fiber in a region where a flow rate of the resin was 
comparatively slow in the vicinity of the Inlet of the die nozzle, so that no coating could be carried out. 
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Comparative Example 2 

The die-nippte having the constnjction shown In Fig. 2 was used and the dimensions were: 2 mm 
nipple inner diameter, 4.5 mm die nozzle diameter, and 8 mm die nozzle length. In this case, resin pressure 
became 260 kg/cm^, and the fiber could be coated over a length of 8 Icm. However, since the surface of the 
^ fiber was not adherent to the first (inner) layer, an eccentricity ranged from ±80 to 250 ^m, and an average 
. breaking strength was 2;0 kg.perone fiber (gaug^iljangthv^^ n = 50). A transmission loss of;.the coated 
optical fiber was 310 dB/km at a wavelength of-6?85'{iM'and 0.8 dB/irnn at a wavelength of 1.55 (xm. The 
values of the aforesaid transmission loss did not vary within a temperature range from -TS^'C to +80^C. 

'0 Example 2 

The die-nipple having the construction shown In Rg. 8 was utilized and the dimensions were: 0.4 mm 
inner diameter of the nipple, die nozzle diameter of 1.5 mm at the inlet portion and 0.9 mm at the outlet 
portion, and 2.5 mm distance from the extreme end of the nipple to the outlet of the die nozzle; In this case, 
resin pressure became 380 kg/cm*, and the fiber could be coated over a length of 7 km or more. An average 
breaking strength of the coated optical fibers was 6.4 kg per one fiber, and a transmission loss thereof was 
substantially the same as that of Example 1. 

Comparative Example 3 

In Example 1, a nipple having an inner diameter of 0.5 mm was utilized. In this case, resin pressure, 
eccentricity, breaking strength, transmission loss and the like were the same as those of Example 1, but a 
back flow of the resin arose through the inside of the nipple, so thatthefiber was broken at the time that the 
fiber was coated over a length of 2 km. 

As described above, a coated optical fiber having two-layer coated structure composed of a first (inner) 
layer of a thermoplastic rubber composition having a low Young's modulus and a second (outer) layer of a 
-25 thermoplastic resin having a low linear expansion coefficient and a high Young's modulus is fabricated in a 
single and high speed coating process In accordance with the present invention and hence there is an 
advantage in that significant economization of optical fiber cables becomes possible. 

Next, the second aspect of the present invention will be described herelnbelow. 

According to the detailed research by the present inventors, \X has been found that a coated optical 
fiber fabricated by forcibly cooling at least the second layer of the coated layers at the melting point thereof 
or less within one second immediately after the coating exhibits excellent transmission characteristics, 
particularly excellent low-temperature characteristics over a wide range of coating film thickness and a 
wide coating speed. 

With the above in view, in the second aspect of the present invention, a coated optical fiber is 
fabricated by simultaneously coating the first layer of a thermoplastic rubber composition and the second 
layer of a thermoplastic resin composition of molecular orientation on an optical fiber immediately after 
spinning the optical fiber by heating to soften the optical fiber preform with the use of a crosshead of one 
extruding machine. At least the second layer of the simultaneously coated two layers in the crosshead is 
forcibly cooled at crystallization temperature or less of the thermoplastic resin composition of molecular 
^ orientation. 

In the apparatus for fabricating a coated optical fiber according to the present Invention, a cooling 
cylinder for cooling the coating of the coated optical fiber is provided on the outiet side of the crosshead of 
the extruding machine with or without contacting the crosshead; The1nterior>of the xyl{nder.is:filled with^ 
liquid, gas, or the mixture thereof to bring it Into contact with the coated optical fiberr - 
4S The present Invention has been made on the basis of the results of detailed studies of relationships 
between film thicknesses of first layer (low Young's modulus layer) and second layer (high Young's 
modulus and low linear expansion coefficient layer) and transmission characteristics of the resulting 
coated optical fibers as well as relationships between coating speed and transmission characteristics of the 
coated optical fibers. 

50 Namely, as is understood from the following examples of the present invention and comparative 
examples, a transmission loss at a low temperature increases with the increase in ratio of a film thickness 
between the first and second layers as well as a coating speed in the case where no treatment is given for 
the coated optical fiber after the coating thereof (i.e., air-cooling), whilst no increase in such a transmission 
loss as described above is observed in the case where the coated fiber is cooled forcibly immediately after 

55 the coating thereof by the use of liquid and/or gas coolant Although the reasons for the above phenomena 
are not clear, it may be presumed that microbending. of the glass fiber arises easily due to contraction 
based on orientation relaxation of the second layer in the case of air-cooling (slow cooling), whilst 
molecular orientation of the second layer is instantly fb<ed in case of fast cooling and as a result, there is no 
contraction, so that microbending of the glass fiber is prevented. 

5o Pig. 11 is a schematic view showing an embodiment of a construction of an apparatus according to the 
present invention. In Fig. 11, reference numeral 51 designates a fiber preform, 52 a heating oven, 53 a 
diameter monitor for an optical fiber 54, 55 a crosshead of an extruding machine having the construction as 
described above, 56 and 57 first and second layer extruding machines, 58 a cooling cylinder for a coated 
optical fiber 59 supplied from the crosshead 55, 60 a fiber take-up capstan, 61 a cooling and/or supply tank 

55 for coolant, 62 a pump for circulating the coolant, 63 a three-way cock, 64 an outiet for the cooling cylinder. 
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and 65 a diameter monitor for the coated optical fiber 59, respectively. The coated optical fiber 59 is 
prepared by forming the first and second layers 66 and 67 around the optical fiber 54. 

In the crosshead 55 of the extruding machine, the optical fiber 59 having the two layers simultaneously 
coated is cooled by the cooling cylinder 58 filled with the coolant. The coolant Is either circulated through 
the cooling tank 61 at a constant temperature, or supplemented from the cooling-supply tank 61 under a 
low temperature condition. In.thp case where:,th«;CogJant Is. gas, the threerijway cock 63 is opened. In the„ 
case where the coolant Is liquid^ the outlet 64 ofthe^cooling cylinder 58 is of a sealed construction in order 
to prevent leakage of the liquid, or cooling liquid leaked from the cooling cylinder outlet 64 is circulated to 
the cooling cylinder 58 by the pump 62. 

In conventional extrusion coating for metal wire materials, coated layers are annealed or slowly cooled 
in order to promote orientation relaxation of the coated layers. On the contrary, in the present invention, 
the second layer is cooled rapidly immediately after the coating in order to prevent orientation relaxation of 
the second layer. Such cooling is carried out within one second after coating the second layer at the 
crystallization temperature thereof or less. Thus, it is required to cool the second layer at the crystallization 
temperature thereof or less before the coated optical fiber reaches a distance satisfying a condition 
expressed by xA/ ^ 1, where V (m/sec) is a traveling speed of the fiber, and x (m) is a distance from the 
crosshead outlet to the outlet of the cooling cylinder 58. In other words, the upper limit of the length of the 
cooling cylinder 58 is the distance x and In this case, the inlet of the cooling Cylinder 58 is in contact with a 
die of the crosshead 55. 

In the case where the coolant is liquid, the apparatus may be modified as shown in Rg, 12. Here, a 
pulley 68 is provided Inside the cooling cylinder 58 in order to prevent the leakage of the liquid, and the 
coated fiber is taken out from the upper part of the cooling cylinder 58 through a pulley 69, as shown in Rg, 
12. In this case, it Is preferable that the distance x from the outlet of the crosshead 55 to the pulley 68 is 
within the range as mentioned above* 

A coolant for a coated optical fiber used in the present invention may be liquid, gas, or the mixture 
thereof having a specific heat of 0.1 kcal/kg.°C or more at an ordinary temperature and a thermal 
conductivity of 0.01 kcal/m.hrX or more. Examples of such coolant include water, glycerin, alcohols such 
as methyl alcohol, ethyl alcohol and the like, various oils such as mineral oil, processed oil and the like, and 
inert gases such as Freon, helium, neon and the like. The coolant comes Into contact with the coated optical 
fiber 59 in the cooling cylinder 58 positioned immediately below the extruding machines 56 and 57 to 
forcibly cool the coated optical fiber 59. Here, a temperature and a flow rate for supplying the coolant are 
set so as to satisfy the aforesaid condition x/V ^ 1. 

The second aspect of the present invention will be described more specifically in connection with the 
following examples of the present Invention and comparative examples. This aspect of the present 
invention is not limited thereto. 

EXAMPLE GROUP 11 

Coated optical fibers were fabricated in accordance with the conditions shown in Table 1, wherein a 
diameter of glass fiber used was 125 |im, SBS means a composition comprising 70 parts by weight of SBS 
(28 weight% styrene concentration), 30 parts by weight of naphthenic oil, and 2 parts by weight of a 
stabilizer, and SEBS means a composition comprising SEBS (14 weight% styrene concentration) in place of 
SBS (Its make-up is the same as that of the SBS composition). PET/POB (40/60 mole%) copolymer (310**C 
melting point, 170*'C cryrstalllzation temperature) was used for a- second layer coating material. 
Furthermore, aii extrusion temperature of the crosshead 55 of the extruding machine utilized was 270**C- A 
die nozzle diameter was 0.9 mm. A die nozle length, was 5 mm. A nipple inner diameter was 0.2 mm and a 
land length (a distance from the extreme end portion 11 A of the nipple 1 1 to the outlet of the die nozzle 12A 
in Rg. 7 or 8) were 2 mm. In addition, a cooling length for the coated optical fiber 59 in the lower part of the 
extruding machine crosshead 55 was 1.5 m, and a distance between the cooling cylinder 58 and the outiet 
of the crosshead 55 was 10 cm, so that a relationship between fiber speed V = 100 cm/min and distance x m 
from the corsshead outlet to the cooling cylinder outlet became x/V = 1.6/100 min. « 1 sec. In these 
examples, coolant was supplied at an ordinary temperature. 
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EXAMPLE GROUP III 

Coated optical fibers were fabricated in accordance with the conditions shown In Table 2 wherein the 
coating conditions In Table 2 are the same as those of Table 1. 

Giving an outline of Tables 1 and 2, while favorable transmission characteristics can be obtained in 

5 such fibers coated with the single layer of SBS or SEBS (Reference Examples 1^4 in Table 1) without 
cooling forcibly; thern^ the transrhr^^iohtdh werelremarkably'dfeteri^orated Tn^<»iE^^^^^^ 

layers were simultaheous coated^ if tts coating material composition was out of the preferred range or if the 
coated fiber was not forcibly cooled, and particularly in case that its coated film thiclcness was thicic and the 
coating speed was high (Comparative Examples 1—7 In Table 1, and Comparative Examples 1—4 in Table 

10 2), On the contrary, it is apparent according to the present invention, that good transmission 
characteristics are otrtalned, even If a coated film thickness is thick and a coating speed is high (Examples 
1 — 8 In Table ^, and Examples 10 — 12 in Table 2). 

EXAMPLE GROUP IV 

fs Coated optical fibers were fabricated In accordance with the conditions shown In Table 3—1 and 3—2, 
and the results thereof are also shown in Tables 3 — 1 and 3 — 2. 

As is apparent from Tables 3—1 and 3—2, it fs understood that when a composition of coating material 
and a rate of shear were out of the preferred range, mechanical properties of the resulting coated optical 
fibers were deteriorated. .-r -^- " , 
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As described above, In accordance with the second aspect of the present Invention, an optical fiber Is 
coated with the first layer of a thermoplastic rubber composition having a low Young's modulus and the 
second layer of thermoplastic resin of molecular orientation with wide ranges of a coating film thickness 
and a coating speed and hence, there is an advantage that inexpensive and highly reliable coated optical 
. 5 fibers are.obtained. In, addition, the coated layer Pf the coated^g^|l9^^^ b^.dissojved to^ . 

^ ' . remove It withbut damage of surface of the bpticaffibers 

that there are such advantages that workability of the coated optical fiber of the present invention (s 
excellent and that the strength in connected portions of the optical fibers is also Improved. 

Transmission characteristics of the coated optical fiber according to the present invention will be 
to discussed hereunder 

Loss spectrum of a coated optical fiber having two coating layers accordance with SBS/PET-POB 
coated by simultaneous extrusion (a coating speed of 1 00 m/min, and a diameter of first layer/a diameter of 
second layer = 500/600 pm) is illustrated in Hg. 13, whilst a relationship between loss and l/X"* 
(X: wavelength) is shown In Rg. 14. In Fig. 13, loss peaks In the vicinities of X « 0.95, 1.25 and 1.4 pm are 

/5 caused by OH absorption due to the use of a VAD preform which has not yet been dehydrated. Loss values 
of the coated optical fiber was 2.42 dB/km at X = 0.85 pm and 1 .50 dB/km at X = 1.30 pm. The minimum loss 
was 0.61 dB/km (X = 1.59 \imh As is clear from Rg. 14, a loss due to Incomplete structure (a value obtained 
by ^rapolating X'^ to 0) Is hardly observed. These characteristics were substantially the same as those of 
. a conventional optical fiber coated with silicone. > ' 

20 Rg. 15 shows temperature dependency of a transmission loss (0.85 pm wavelength) with respect to a 
/-'S temperature change of +20*C -TS'C +80^ -* +20'*C. A loss increases rapidly at -40*0 or less (first 

'(' J cyde) in a conventional optical fiber (marked A) coated with silicone/nylon, whltst a loss hardly increases 

up to -75^0 and its value was +0.05 dB/km or less in the optical fiber coated simultaneously with two 
layers of SBS/PET- FOB (marked O). This is because Tg (-70°C or less) of SBS composition for the first layer 

25 Is lower than that (-40 to -60*C) of silicone. Furthermore, a starting temperature of increase in loss rises 
(0°C or less, second cycle) by means of thermal hysteresis at +80X in the conventional silicone/nylon 
coated optical fiber, whilst no such Increase in loss was observed in the coated optical fiber having two 
layers simultaneously coated according to the present invention. 

Rg. 16 shows shrinkage strain of nylon and PET>POB during the cooling to room temperature after 

30 heat treatment of the materials. In Fig. 16 shrinkage arises by heating nylon at 80*C for several minutes, 
whilst no shrinkage was observed in PET- FOB even at a higher temperature (170'*C). From these results, it 
is understood that the increase of loss In the second cycle of Rg. 1 5 is promoted by the shrinkage strain due 
to thermal hysteresis of the nylon layer, while the loss does not increase even by thermal hysteresis of SOX 
or more in the coated optical fiber having two layers coated simultaneously with SBS/PET* FOB according 

35 to the present Invention. 

Claims 

1. A coated optical fiber comprising an optical fiber, a first layer which is a rubber composition and 
40. which is disposed around the circumference of said optical fiber, and a second layer which is a 

thermoplastic resin composition and which Is disposed around the circumference of said first layer, 
... . ; characterized in_1:haV{a)sai^^ 

— ■ ' which has a Young'^ modulus of b.lV^^ 

resin composition of said second layer exhibits liquid crystallizability in molten state and Its oriented state 
4S is maintained by forclbie cooling immediately after the coating step and (c) said thermoplastic resin 
} composition has a linear expansion coefficient of 7 x 10*^ X"^ or less and a Young's modulus of 4.3 GPa or 

more and Is capable of extrusion coating. 

2. A coated optical fiber as claimed in claim 1, characterized in that the thermoplastic rubber 
composition of said first layer contains a styrene copolymer or an olefine copolymer. 

so 3. A coated optical fiber as claimed in claim 1 , characterized in that the thermopfastic resin composition 

of said second layer is composed of polyethylene terephthalate-p-hydroxybenzoic acid copolymer 
containing 40 — ^70 mol% of p-hydroxybenzoic acid or a blend prepared from said copolymer and other 
polymer, and that said resin composition presents molecular orientation in lengthwise direction of the fiber 
at a rate of shear of 10* sec"^ or more. 
55 4. A coated optical fiber as claimed in claim 1 characterized In that the thermoplastic rubber 

composition of said first layer cornprises: . . , ^ . ■ , -.j:fr. . , 

A: a styrene/butadiene block <x)polynrier (20— 40 vvt9£* styrene concentration), ^ 

B: a naphthenic processing oil, and 

C: a heat stabilizer, 

50 as the major components, and that concentrations of the respective components of said composition are so 
determined that 

B B 

=s 5—40 and ^ 2 wt%. ^ 

55 A+B A + B + C 
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5. A coated optical fiber as claimed In claim 1, characterized in that said thermoplastic resin 
composition of said second layer is selected from the group consisting of all aromatic polyesters, aromatic- 
fatty polyesters, all aromatic polyester amides, aromatic-aliphatic polyester amides, aromatic 
polyazomethines, aromatic polyester-carbonates, the mixtures thereof, or mixtures of said high-molecular 

5 materials with the other high-molecular materials. 

6; A process for fabricating a coated optical flberinrwhlcbacFoptiQai^iiberpreform is;spun by heating so 
that said optical fiber preform is softened to form an optical fiber, characterized in that said optical fiber is 
extrusion-coated simultaneously with (a) a first layer of a thermoplastic rubber composition which has a 
Young's modulus of 0.1 GPa or less and which is capable of extrusion coating and (b) a second layer of a 

PO molecular-orientated thermoplastic resin composition which exhibits liquid crystal lizabi I ity in molten state 
and which has a linear expansion coefficient of 7 x lO'^C"^ or less which has a Young's modulus of 4.3 
GPa or more and which is capable of extrusion coating; said extrusion-coating being carried out 
immediately after the spinning step by an applicator and that at least said second layer, of said 
simultaneously coated first and second layers, is forcibly cooled to the crystallization temperature of the 

ts molecular-orientated thermoplastic resin composition or less before the coated optical fiber reaches a 
distance x from the outlet of the applicator, where x/V 1 and V(m/sec) is the speed of travel of the optical 
fiber. 

7. A process for fabricating a coated optical fiber as claimed in claim 6, characterized in that said coated 
optical fiber is cooled forcibly by the use of coolant which is selected from the group consisting of liquids, 

20 gases, or the mixtures thereof having a specific heat of 0.1 kcal/k^*C or more at an ordinary temperature 
and a thermal conductivity of 0.01 kcal/m.hr.^C or more. 

8. A process for fabricating a coated optical fiber as claimed in claim 6, characterized in that said 
molecular-orientated thermoplastic resin composition is a thermotropic liquid crystalline high-molecular 
material. 

25 9. A process for fabricating a coated optical fiber as claimed in claim 6, characterized in that said 
molecular-orientated thermoplastic resin composition is selected from polyethylene terephthalato-p- 
hydroxybenzoic acid copolymers containing 40 — ^70 mol% of p-hydroxy benzoic acid or blends prepared 
from said copolymers and other polymers, and that said resin composition exhibits molecular orientation, 
in lengthwise direction of the fiber at a rate of shear of 10* sec*^ or more. 

30 10. A process for fabricating a coated optical fiber as claimed in claim .6, characterized in that said 
thermoplastic rubber composition contains a styrene copolymer or an ethylene-a-olefine copolymer. 

11. A process for fabricating a coated optical fiber as claimed in claim 6, characterized in that said 
thermoplastic rubber composition comprises a styrene/butadlene block copolymer containing 20—40% by 
weight of styrene, a naphthenic processing oil, and a heat stabilizer as the major components, and that an 

35 amount of said naphthenic processing oil is 5—150 parts by weight with respect to 100 parts by weight of 
said styrene/butadlene block copolymer. 

12. An apparatus for fabricating a coated optical fiber wherein, immediately after spinning an optical 
fiber from an optical fiber preform by heating to soften said optical fiber preform, said optical fiber is coated 
with a first layer of a thermoplastic rubber compositon which has a. Young's modulus of 0.1 GPa or less and 

40 1$ capable of extrusion coating and a second layer of a molecular-orientated thermoplastic resin 
composition which exhibits liquid crystal lizability In molten state and which has a linear expansion 
coefficient of 7 x lO'^X"^ or less and a Young's modulus of 4.3 GPa or more and is capable of extrusion 
coating; characterizedHn^ thar -said ^apparatus- com an=-extruding: .machine. f^ 

thermoplastic' nibber bompoditton land --sa^ thermoplastic resin composition, a 

4s crosshead for simultaneously coating said optical fiber with the extruded thermoplastic rubber 
compositfon and molecular-orientated thermoplastic resin composition to form said first and said second 
layer around said optical fiber, and first cooling means, having a length x(m) which satisfies the condition x/ 
V ^ 1 for a fiber travelling at a speed of V(m/sec), disposed on the outlet side of said crosshead for forcibly 
cooling the coated optical fiber at a liquid cr/stai transition temperature of the liquid crystalline 

SO thermoplastic resin composition of the second layer or less, and that said crosshead has at least a set of 
nipple and die, and an extreme end portion of said nipple, which is located Inside said nozzle, forms a 
straight pipe having an Inner diameter larger than the diameter of said optical fiber and less than 0.5 mm. 

13. An apparatus for fabricating a coated optical fiber as claimed in claim 12, characterized in that said 
first layer and/or second layer coating materials are extruded into a gap defined between said nipple and 

55 said die, so that said optical fiber is coated with said coating materials In said nozzle of said die. 

14. An apparatus for fabricating a coated optical fiber as claimed in claim 12, characterized in that the 
interior of said first cooling hneans is filled with coolant which is brought into contact with said coated 
optical fiber to cool said coated optical fiber. 



15. An apparatus for fabricating a coated optical fiber as claimed in claim 14, characterizing by further 



6o comprising second means for cooling said coolant which is to be introduced Into the Interior of said first 
cooling means, and means for circulating said coolant between said first cooling means and said second 
' cooling means. 



55 
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Patentanspruche 

1. Beschichtete optische Faser mit einer optischen Faser, einer ersten Schicht, die etne 
Kautschukmischung 1st und urn den Umfang der erwahnten optischen Faser he rum angeordnet ist, und 
einer zweiten Schichvdie eine thermoplastischei^^Mdizmischung^ist und um den iihnfang der^erwahnten 
ersten Schtcht herum angeordnet ist, dadurch gekennzeichriet daS (a) die erwahnte Kautschukmischung 
der erwahnten ersten Schicht eine thermoplastische Kautschukmischung ist, die einen Elastizitatsmodul 
von 0,1 GPa oder weniger hat und durch Extrusion auftragbar ist (b) die erwahnte thermoplastische 
Harzmischung der erwahnten zweiten Schicht in geschmolzenem Zustand die Fahigkeit zur Bildung eines 
Flussigkristalls zeigt und ihr Orientierungszustand durch Zwangskuhlung unmittelbar nach dem 
Beschichtungsschritt beibehalten wird und (c) die erwahnte thermoplastische Harzmischung einen linearen 
Ausdehnungskoeffizienten von 7 x lO^^^C*^ oder weniger und einen Elastizitatsmodul von 4,3 GPa oder 
mehr hat und durch Extrusion auftragbar Ist 

2. Beschichtete optische Faser nach Anspruch 1, dadurch gekennzeichnet, da& die thermoplastische 
Kautschukmischung der erwahnten ersten Schicht ein Styrol-Copolymer oder ein Olefin-CoDolvmer 
enthSlt. 

3. Beschichtete optische Faser nach Anspruch 1, dadurch gekennzeichnet daB die thermoplastische 
~ . Harzmischung der erwihnten zweiten Schicht aus PolYethylenterephthalat-p-Hydroxybenzoesaure- 

Copolymer, das 40 bis 70 Mol-% p-Hydroxybenzoesaure ehthalt, oder aus/ieiner Mischung, die aiis dem 
^ enwShnten Copolymer und anderem Polymer hergestellt 1st, besteht und daS die erwahnte Harzmischung 
^ 1 bei einer Schergeschwindigkeit von 10^ s"^ oder mehr molekulare Orientierung in l-angsrichtung der Faser 

' ' zeigt 

4. Beschichtete optische Faser nach Anspruch 1, dadurch gekennzeichnet dal5 die thermoplastische 
Kautschukmischung der erwahnten ersten Schicht als Hauptbestandteile 

2^ A: ein Styrol/Butadien-Blockcopolymer (Styrolkonzentration: 20 bis 40 l\/lasse-%h 
B: ein naphthenisches Weichmacher5l und 
C: ein Warmestabilisierungsmittel 
enthSIt und daG die Konzentrationen der einzefnen Bestandteile der erwdhnten Mischung so festgelegt 
sind, daB 



30 



B B 

= 5 bis 40 l\/lasse-% und » 2 r^asse-%. 



A+B A+B+C 

35 5. Beschichtete optische Faser nach Anspruch 1, dadurch gekennzeichnet daB die erwahnte 
thermoplastische Harzmischung der erwahnten zweiten Schicht aus der Gruppe ausgewahit ist die aus 
vollstandig aromatischen Polyestern, aromatisch-aliphatischen Polyestern, vollstandig aromatischen 
Polyesteramiden, aromatisch-aliphatischen Polyesteramiden, aromatischen Polyazomethinen, 
aromatischen Polyestercarbonaten, den Mischungen davon oder Mischungen der erwahnten 

40 hochmolekularen Substanzen mit den anderen hochmolekularen Substanzen besteht 

6. Verfahren zur Herstellung einer beschichteten optischen Faser, bei dem ein Vorformling fOr eine 
' optische Faser ver$ponn,en wird, indem erhitzt wird, so daB der erwahnte Vorformling fQr eine optische 

Faser unter Bildung einer optischen Faser erweicht wird, dadurch gekennzeichnet daU die erwahnte 
oP^'sche Faser durch Extrusion gleichzeitig mit (a) einer ersten Schicht aus einer thermoplastischen 
f ^ Kautschukmischung, die einen Elastizitatsmodul von 0,1 GPa oder weniger hat und durch Extrusion 

auftragbar ist, und (b) einer zweiten Schicht aus einer molekular orientierten thermoplastischen 
Harzmischung, die in geschmolzenem Zustand die FShigkeit zur Bildung eines ROsslgkristalls zeigt und die 
einen linearen Ausdehnungskoeffizienten von 7 x °C"^ oder weniger und einen Elastizitatsmodul von 
4,3 GPa Oder mehr hat und diTrch Extrusion auftragbar ist beschlchtet wird, wobei die erwahnte 

so Beschlchtung durch Extrusion unmittelbar nach dem Schritt des Verspinnens mit einem Auftragegerat 
durchgefuhrt wird, und dafi von der erwShnten ersten und zweiten Schicht die gleichzeitig aufgetragen 
werden, mindestens die erwahnte zweite Schicht auf die Kristallisationstemperatur der molekular 
orientierten thermoplastischen Harzmischung oder eine niedrigere TemperaturzwangsgekQhitwird, bevor 
die beschichtete optische Faser einen Abstand x vom AuslaB des Auftrageger§ts erreicht wobei xJV ^ ^ 

65 und V (m/s) die Laufgeschwindigkeit der optischen Faser 1st, 

7. Verfahren zur Herstellung einer beschichteten : optischen Faser nach Anspruch 6, dadurch 
gekennzeichnet, daS die eriA/Shnte beschichtete optische Faser unter Verwendung eines KOhlmittels das 
aus der Gruppe aufgewahit ist die aus Flussigkeiten, Gasen oder den Mischungen davon, die eine 
spezifische Warme von 0,1 kcal/kg.'C oder mehr bei einer gewohnllchen Temperatur und eine 

60 Warmeleitfahigkelt von 0,01 kcal/m.h.X oder mehr haben, besteht zwangsgekuhit wird. 

8. Verfahren zur Herstellung einer beschichteten optischen Faser nach Anspruch 6, dadurch 
gekennzeichnet daB die erwahnte molekular orlentierte thermoplastische Harzmischung eine 
thermotrope, flOssigkristallinische, hochmolekulare Substanz ist 

9. Verfahren zur Herstellung einer beschichteten optischen Faser nach Anspruch 6, dadurch 
6S gekennzeichnet daB die erwdhnte molekular orlentierte thermoplastische Harzmischung aus Polyethylen- 
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terephthalat-p-Hydroxybenzoesaure-Copolymeren, die 40 bis 70 Mol-% p-Hydroxybenzoesaure enthalten, 
Oder aus Mischungenr die aus den erwahnten Copolymeren und anderen Polymeren hergestellt sind, 
ausgewahit ist und daS die erwdhnte Harzmischung bei etner Schergeschwindigkeit von 10' oder mehr 
molekulare Orientierung in Ldngsrichtung der Faser zelgt. 
^ 10. Verfahren zur Herstellung elner beschichteten optischen Faser nach Anspnjch 6, dadurch 
gekennzeichnet, dafi die erwahnte thermoplastischeiKautschukmlschung ein.Styrol-Copolymer oder ein 
Ethylen-o-blefin-Copolymer erithSlt. - ~ 

11. Verfahren zur Herstellung einer beschtchteten optischen Faser nach Anspruch 6^ dadurch 
gekennzeichnet, daB die enwahnte thermoplastische Kautschukmischung als Hauptbestandteile ein Styrol/ 

'fl Butadlen-Blockcopolymer, das 20 bis 40 Masse-% Styrol enthaH, ein naphthenlsches Weichmacherol und 
ein ' Warmestabiiisierungsmittel enthdlt und daC die Menge des envahnten naphthenischen 
Weichmacherdls 5 bis 150 Masseteile Je 100 Masseteile des erwahnten Styrol/Butadien-Blockcopolymers 
betragt. 

12. Verfahren zur Herstellung einer beschichteten optischen Faser, bel der unmittelbar nach dem 
'5 Erspinnen einer optischen Faser aus elnem Vorformllng fOr eine optische Faser durch Erhitzen zum 

Erweichen des erwShnten Vorformlings fQr eine optische Faser die erwahnte optische Faser mit elner 
ersten Schicht aus einer thernnoplastlschen Kautschukmischung, die einen Elastizitatsmodul von 0,1 GPa 
Oder weniger hat und durch Extrusion auftragbar 1st, und einer zweiten Schicht aus elner molekular 
orientierten thenmoplastischen Harzmischung, die in geschmolzenem Zustand die Fahigkeit zur Blldung 
20 eines FIQssigkristalls zelgt und die einen lineareh Ausdehnungskoeffizienten non 7 x 10"* *C~^ oder 
weniger und einen Elastizitatsmodul von 4,3 GPa oder mehr hat und durch Extrusion auftragbar ist, 
beschichtet wird, dadurch gekennzeichnet, dafi die erwahnte Vorrichtung einen Extruder zum Extrudteren 
der erwahnten thermoplastischen Kautschukmischung und der erwahnten molekular orientierten 
thermoplastischen Harzmischung, einen Querkopf zum gleichzeitigen Beschichten der erwahnten 

2S optischen Faser mit der extrudierten thermoplastischen Kautschukmischung und der extrudierten 
molekular orientierten thermoplastischen Harzmischung, wodurch um die erwahnte optische Faser herum 
die erwvahnte erete Schicht und die erwahnte zwelte Schicht geblldet werden, und eine erste 
KQhlefnrichtung mit elner Linge x (m|, die fur eine mit einer Geschwindlgkeit V (m/s) laufende Faser die 
BedlngungxA^^ 1 erfOlIt, aufweist wobei die erste Kuhleinrichtung zurZwangskOhlung der beschichteten 

so optischen Faser bef elner FlOssIgkrfstatl-Obergangstemperatur . der flussigkristallinischen 
thermoplastischen Harzmischung der zweiten Schicht oder einer niedrtgeren Temperatur an der 
AuslaBseite des erwahnten Querkopfes angeordnet ist, und daB der erwShnte Querkopf mindestens einen 
NIppel-PreBform-Satz aufweist und ein innerhalb der DQse der erwdhnten Pre&form beflndllcher Endteil 
des erwahnten Nippels ein gerades Rohr bildet dessen Innendurchmesser grd&er als der Durchmesser der 

3S erwahnten optischen Faser und kleiner als 0,5 mm ist 

is. Vorrichtung zur Herstellung einer beschichteten optischen Faser nach Anspruch 12, dadurch 
gekennzeichnet, dafi die Beschichtungsmaterialien fur die erwShnte erste Schicht und/oder die erwShnte 
zweite Schicht in einen Zwischenraum extrudlert werden, der zwlschen dem erwahnten Nippel und der 
erwahnten PreBfbrm abgegrenzt ist, so daB die erwahnte optische Faser in der erwShnten DQse der 

4o erwahnten Pre&form mit den erwdhnten Beschichtungsmaterialien beschichtet wird. 

14. Vorrichtung zur Herstellung einer beschichteten optischen Faser nach Anspruch 12, dadurch 
gekennzeichnet dalS der tnnenraum der erwShnten ersten KOhleinrichtung mit KOhlmittel gefulft ist, das 
mit der erwdhnten beschichteten optischen Faser in Beruhrung gebracht wird; unri die erwdhnte' 
beschichtete optische Faser zu kuhlen. 

45 15. Vorrichtung zur Herstellung einer beschichteten optischen Faser nach Anspruch 14, dadurch 

gekennzeichnetrda^ es femer eine zwelte Kuhleinrichtung fOr die Kuhlung des erwahnten KOhlmittels, das 
in den Innenraum der erwahnten ersten Kuhleinrichtung eingefuhrt werden soil, und eine Einrichtung zum 
Umlaufenlassen des erwahnten Kuhimittels zwischen der erwShnten ersten Kuhleinrichtung und der 
erwShnten zweiten KOhleinrichtung aufweist. 

50 

Revendications 



1. Une fibre optique enduite comprenant une fibre optique, une premiere couche qui conslste en une 
composition de caoutchouc et qui est places autour de la fibre optique, et une seconde couche qui est une 
composition de r^slne thermoplastique et qui est plac^e autour de la premiere couche, caract6risSe en ce 
que (a) la comppsitipn de caoutciiouc de la premiere couche est une composition de caoutchouc 
thermoplastique qui a un nriodule d'Young de 0,1 GPa ou moins et qu'on peut utiliser dans une operation 
d'enduction par extrusion, (b) la composition de resine thermoplastique de la seconde couche prSsente la 
propr{§t6 de former des cristaux (iquldes dans I'etat fondu, et son ^tat orients est maintenu par un 

^ refroidissement forc6 Immediatement aprds I'^tape d'enduction, et (c) la composition de resine 
thermoplastique h un coefficient de dilatation lineaire de 7 x 10~^ °C~^ ou moins, et un module d'Young de 
4,3 GPa ou plus, et on peut Tutiliser dans une operation d'enduction par extrusion. 

2. Une fibre optique enduite selon la revendicatlon 1, caracteris^e en ce que la composition de 
caoutchouc thermoplastique de la premidre couche contient un copolymdre de styrdne ou un copolym^re 

<f5 d'ol6fine. 
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3- Une fibre optique enduite selon la revendicatfon ^, caract^ris^e en ce que la composition de r6sine 
thermoplastique de la eeconde couche con$iste en un copolymSre de t^r^phtalate de poly6thyl6ne-acide 
parahydroxybenzoTque, contenant un pourcentage molaire de 40 d 70% d'aclde parahydroxybenzoTque, ou 
bien elie conslste en un melange pr6par6 k partir de ce copolymdre et d'un autre polymSre, et cette 
s compositipn de r^sine pr6sente une prlentation.,rnQl^culalre dans la direction longltudlnale de la fibre, d 
une Vitesse de'clsalllement de l 0* s*Vbuplii^^ '\ — ' ^ - : 

4. Une fibre optique enduite selon la revendicatlon 1,' caractdrls^e en ce que la conr»p6sltion de 
caoutchouc thermoplastique de la premiere couche comprend, pour ses princlpaux composants: 

A: un copolymdre bloc de styrdne/butadi^ne (avec une concentration de 20—40% en poids de styr^ne), 
;o B: und huile plastiflante napht^nique, et 

C: un stabilisant thermique, 
et en ce que les concentrations des composants respectifs de la composition sont ddtermmees de fagon d 
avoir 

ts B B 

= 5—40 et ^ 2% en poids. 

A+B A+B+C 

5. Une fibre optique enduite selon la revendicatlon 1, caractdrisde en ce que la composition de rSsine 
20 thermoplastique de la seconde couche est s^lectionn^e daiis le groupe comprenant tous tes polyesters 

aromatiques, les polyesters aromatiques gras, toutes les amides de polyesters aromatlques« les amides de 
polyesters aromatiques-aliphatlques, les polyazom^thines aromatiques, les carbonates de polyesters 
aromatiques, leurs melanges, ou des melanges de ces matidres d poids moltoilaire elev4 avec d'autres 
matieres h poids moleculaire etev^. 

25 6. Un proc6d6 de fabrication d'une fibre optique enduite, dans lequel on soumet une pr^forme de fibre 
optique ^ une operation de fibrage par chauffage, de fagon que cette pr^forme de fibre optique se 
ramolllsse pour former une fibre optique, caract6ris6 en ce qu'on enduit simultan^ment ta fibre optique, 
par extrusion, avec (a) une premiere couche d'une composition de caoutchouc thermoplastique qui a un 
module d'Young de 0,1 GPa ou moins et qui peut faire I'objet d'une operation d'enduction par extrusion, et 

30 {b) une seconde couche <j'une composition de resine thermoplastique presentant une orientation 
moleculaire, qui a la propri6t6 de former des cristaux liquidas dans un etat fondu, et qui a un coefficient de 
dilatation lineaire de 7 x 10'^ "C^ ou moins qui a un module d'Young de 4,3 GPa ou plus et qui peut faire 
I'objet d'une operation d'enduction par extrusion; cette operation d'enduction par extrusion etant 
accomplie immediatement aprds Tetape de fibrage, au moyen d'un applicateur, et en ce que la seconde 

35 couche, au moins, parmi les premiere et seconde couches form6es simultanement, est soumise k un 
refroidissement force jusqu'd la temperature de cristallisation de la composition de resine thermoplastique 
^ orientation moleculaire, ou jusqu'^ une temperature inf6rieure, avant que la fibre optique enduite 
n'atteigne une distance x k partir de la sortie de I'aplicateur, avec xA^ < 1 et en d^signant par V (m/s) la 
Vitesse de d^placement de fa fibre optique. 

40 7. Un precede de fabrication d'une fibre optique enduite selon la revendication 6, caracterise en ce que 
la fibre optique enduite est soumise ^ un refroidissement force par I'utilisation d'un agent de 
refroidissement, qui est selectionne dans le groupe comprenant des liquides et.des.gaz, ou des melanges 
de ceux-cl, ayant une chaleur speciflque de 0,1 kcal/kgX ou plus i une tempen^ure ordinaire, et une 
conductivite thermique de 0,01 kcal/m.h.X ou plus. 

45 8. Procede de fabrication d'une fibre optique enduite selon la revendication 6, caracteris6 en ce que la 
composition de resine thermoplastique a orientation moleculaire est une matiere S poids moleculaire eleve 
retat de cristaux liquides thermotropes. 

9. Precede de fabrication d'une fibre optique enduite selon la revendication 6, caracterise en ce que la 
composition de resine thermoplastique h orientation moleculaire est seiectlonnee parmI des copolymeres 

so de terephtalate de polyethyldne-acide parahydroxybenzoTque contenant un pourcentage molaire de 
40—70% d'acide parahydroxybenzoTque, ou des melanges prepares d partir de ces copolymSres et d'autres 
polymeres, et en ce que la composition de resine presente une orientation moleculaire, dans la direction 
longltudlnale de la fibre, h une Vitesse de cisalllement de 10^ s~~^ ou plus. 

10. Un procdde de fabrication d'une fibre optique enduite selon la revendication 6, caracterise en ce 
55 que la composition de caoutchouc thermoplastique contlent un copolymere de styrdne ou un copolym&re 

d'ethyldne-a-oiefine. 

11. Un precede de fabrication d'une fibre optique enduite selon la revendication 6, caracterise en ce 
que la composition de caoutchouc thermoplastique comprend un copolymdre bloc de styrdne/butadtene 
contenant 20 h 40% en poids de styrdne, une hulle plastiflante naphtenique et un stabilisant thermique, en 

60 tant que principaux constituants, et en ce que la proportion d'huile plastiflante naphtenique est de 5 — 150 
parties en poids pour 100 parties en poids du copolymere bloc de styrdne-butadiene. 

12. Un appareil pour fabriquer une fibre optique enduite dans lequel, immediatement aprds la 
fabrication d'une fibre optique par fibrage d partir d'une preforme de fibre optique, par chauffage de fagon 
k ramollir la preforme de fibre optique, cette fibre optique est enduite avec une premiere couche d'une 

65 composition de caoutchouc thermoplastique qui a un module d'Young de 0,1 GPa ou moins et qui peut 
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faire i'objet d'une operation d'enductlon par extrusion, at avec una seconde coucha d'une composition de 
r^slne themnoplastique h orientation mol^laire qui presente la propriety de former des cristaux liquides 
dans un etat fondu et qui a un coefficient de dilatation Iin6aire de 7 x 10** ""C"^ ou moins et un module 
d'Young de 4,3 GPa ou pius, et qui peut faire I'objet d'une operation d'enduction par extrusion, caracterisd 

5 en ce que cet appareil comprend une machine d'extrusion pour extruder la composition de caoutchouc 
thermoplastique et la composition de rdsine thermoplastique d orientation mol^cuiaire, une tdte d'6querre 
pour enduire simultanSment la fibre optique avec la composition de caoutchouc thermoplastique extrud^e 
et la composition de r^ine thermoplastique h orientation moi^cuiaire extrudee, pour former les premiere 
et seconde couches autour de ia fibre optique, et des premiers moyens de refroidissement, ayant une 

7C longueur x (m) qui satisfait la condition xA/ £ 1 pour une fibre qui se deplace a une vitesse V (m/s), qui sont 
disposes du cdtd de la sortie de la tete d'equerre, pour soumettre la fibre optique enduite ^ un 
refroidissement forc6 jusqu'^ une temperature da transition de cristaux liquides de la composition de 
r^sine thermoplastique h structure de cristaux liquides de la seconde couche, ou jusqu'd une temperature 
inferieure, et en ce que la tete d'^querre comporte au moins un ensemble forme par une buse et une filiere, 

fs et une partle d'extr^mite distale de la buse, qui se trouve k I'lnterieur du passage de la fili^re, forme un tube 
rectiiigne ayant un diametre interieure sup^rieur au diametre de la fibre optique et inf^rieur h 0,5 mm. 

13. Un appareil pour fabriquer une fibre optique enduite selon la revendlcation 12, caracterisd en ce 
que ies matidres d'enduction de la premiere couche et/ou de la seconde couche sont extrud^es dans un 
espace qui est d^fin! entre la buse et la filidre, de fagon qui la fibre optique soit enduite avec Jes matidres 

20 d'enduction dans le passage de la filidre. ■ ' "\ ' 

14. Un appareil pour fabriquer une fibre optique enduite selon la revendlcation 12, caracteris6 en ce 
que llnterieur des premiers moyens de refoidissement est rempli d'un agent de refroidissement qui est 
amene en contact avec la fibre optique enduite, pour la refroidir. 

15. Un appareil pour fabriquer une fibre optique enduite selon la revendlcation 14, caracterise en ce 
25 qu'il comprend en outre des seconds moyens pour refroidir Tagent de refroidissement qui est Introduit a 

I'interieur des premiers moyens de refroidissement^ et des moyens pour faire drculer cet agent de 
refroidissement entre les premiers moyens de refroidissement et les seconds moyens de refroidissement. 

30 
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